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By Manned Spacecraft Center 
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FORFWORD 

This report  i s  the  f i f t h  i n  a s e r i e s  of repor t s  on the  s t a tus  of 
t he  Apollo Spacecraft Project for  t h e  manned lunar  landing program. The 
four th  s t a tus  report  described the devzlopment of spacecraft  niodules and 
systems through June 30, 1963; t h i s  report  r e f l e c t s  a c t i v i t i e s  and chan- 
ges i n  s t a t u s  during the  t h i r d  calendar quarter,  1963. 

The Apollo space vehicle, consisting of the  spacecraft  and launch 
vehicle,  i s  depicted i n  f igure  1. The spacecraft  is  the  respons ib i l i ty  
of t he  Manned Spacecraft Center (MSC), Houston, Texas, while the launch 
vehicle  i s  being developed by the George C. Marshall Space Fl ight  Center 
(MSFC) . The Apollo spacecraft  configuration i s  shown i n  f igure  2. 

The Apollo spacecraf't is composed of three separable modules: (1) 
t h e  Command Module ( C M )  which houses the  crew from t h e  ea r th  t o  t h e  vicin- 
i t y  of t he  moon and re turn t o  the earth, (2) the  Service Module (SN) which 
contains t h e  propulsion system as w e l l  as other system, and (3) the  Lunar 
Excursion Module (LDI) w h i c h  separates from t h e  Command and Service Modules 
when i n  lunar  o r b i t  and descends t o  t h e  lunar  surface f o r  manned explora- 
t ion. 

The bas ic  launch vehicle  f o r  lunar  missions i s  the  Saturn V, which 
cons is t s  of tiixee stwea: t h e  S-IC, S-11 and. S-IVB. The S-IC u t i l i z e s  
LOX-RP-1 propellants fo r  f i v e  F-1 engines while t he  $11 stage uses LOX-LH2 

propel lants  fo r  f i v e  J-2 engines. LOX-LH2 propellants a r e  used f o r  t h e  

one J-2 engine i n  the S-TVB stage. 
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Major accomplishments of the Apollo Spacecraft Program during t h i s  
reporting period were: 

Command and Service Modules.- The L i t t l e  Joe I1 qual i f ica t ion  tes t  

The countdown pro- 
vehicle  (@V) no. 1 w a s  successfully launched from White Sands Missile 
R a n g e ,  New Mexico, at 9 : O O  a.m. on August 28, 1963. 
ceeded w i t h  no holds encountered. 
within l i m i t s  prescribed f o r  a high Q abort  f l i g h t  (Mission A-001) .  
t h e  systems performed sa t i s f ac to r i ly ,  and all tes t  objectives were suc- 
cess fu l ly  achieved with one exception. The destruct  system used f o r  
t h r u s t  termination f a i l e d  t o  detonate upon ground command. Examination 
of t he  wreckage and subsequent t es t s  m a d e  at t h e  range show the  f a i l u r e  
was due t o  primacord i n s t a l l a t i o n  i n  t h e  Safe m d  Arm Unit. 
ges are proposed t o  prevent f a i l u r e  on subsequent vehicles, however, 
repeat of t h e  f l i g h t  t es t  w i l l  not be required. 
l i f t o f f  is  shown i n  f igure  3. 

The launch vehicle t r a j ec to ry  w a s  
All 

Design chai- 

A photograph of t h e  $Tv 

The centrifuge f i x t u r e  has been completed; all controls and displays 
are ins ta l led .  The f i x t u r e  has been t i e d  t o  computing f ix tu re s  at Downey, 
California,  configured t o  match those avai lable  at Aviation Medical Accel- 
e ra t ion  Laboratory (W), Johnsville, Pa. 
f i n a l  functional checkout and fami l ia r iza t ion  of astronauts w i t h  the tasks 
t o  be performed on the  centrifuge.  
support i n s t a l l a t ion  and other d e t a i l s  a re  par t ic ipa t ing  i n  t h i s  checkout. 

The f ix tu re  i s  t o  be used f o r  

AMAL personnel responsible f o r  computer 

I n  support of Project Apollo, North American Aviation, Inc., t h e  
prime contractor, def in i t ized  the  following major subcontracts during 
t h i s  reporting period: 

Subcontract or  Design and Development of 

AVCO Corporation Heat protect  ion system 

Lockheed Propulsion Company Launch escape system 

Minneapolis-Honeywell 
Regulator Company 

Stabi l izat ior i  and Control 
system 

Link Division, General 
Precision, Inc. 

Mission t r a i n e r  

The fourth t es t  with boi le rp la te  3 w a s  successful ly  conducted on 
August 22, 1963. 
and w a s  the  f i r s t  t e s t  conducted after removal of t he  strakes. 

This tes t  simulated nominal conditions a f t e r  reentry 

The f i f t h  t e s t  w i t h  bo i le rp la te  3 w a s  conducted September 6, 1963, 
,and simulated the  new boi le rp la te  6 configuration. Sat isfactory recovery 

. 
w l  
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was not achieved due t o  damage of t h e  main parachute harness assembly. 
The recommended changes t o  t h e  parachute system and applicable s t ruc tu re  
resu l t ing  from t h i s  f a i l u r e  are being incorporated on boi le rp la tes  6 and 
19 

Lunar Excursion Module.- A formal review of t h e  Grumman Aircraf t  
Engineering Corporation M - 1  Mockup w a s  held at Gnumnan Aircraf t  Engine- 
ering Corporation on September 16, 17, and 18, 1963 by NASA personnel. 
The M - 1  i s  a f u l l  scale  representation of t he  LEM ascent stage crew 
compartment constructed primarily of wood and cardboard. It i s  complete 
i n  the representation of i n t e r io r  dimensions and accurately simulates 
the  v i s i b i l i t y  avai lable  through t h e  window. 
t h e  review were: 

Signif icant  r e s u l t s  of 

a. Crew Vis ib i l i t y :  The window shape and v i s i b i l i t y  provided f o r  
t h e  normal eye pos i t ion  are acceptable. 

b.  Panel Location and Placement: The general  panel arrangement 
and space avai lable  appeared adequate. 
controls  can be improved i n  accordance with new reach and vis ion envelopes 
r e su l t i ng  from the  "stand-up" crew support and r e s t r a i n t  concept. 

Location of spec i f i c  displays/  

c. Seating and Restraint :  The concept of a standup posi t ion f o r  
both astronauts w a s  approved. 
provisions i n  M-1 were unduly r e s t r i c t i v e  t o  crew mobility. 

I n  general, it was f e l t  t h a t  the  r e s t r a i n t  

d. Location and Ty-pe of Hand Controller:  The cont ro l le rs  were 
posit ioned too  l o w  and lacked suitzible a r m  support required t o  achieve 
f i n e  control .  

e .  Crew Stat ion Arrangement: I n  general, t h e  M - 1  crew s t a t i o n  
arrangement i s  considered acceptable. However, t he  spec i f i c  d e t a i l s  of 
f l i g h t  provisions require further MSC/Grumman Aircraf t  Engineering Corp- 
ora t ion  study. 

Grumman Aircraf t  Engineering Corporation completed f i n a l  negotia- 
t i o n s  with the  Marquardt Corporation f o r  react ion control  s!Jbsystem 
development t e s t i n g .  Grumman Aircraft  Engineering Corporation also 
completed contract  negotiations with P ra t t  and Whitney Aircraf t  f o r  
t h e  development and manufacture of f u e l  c e l l s  f o r  t he  LEX e l e c t r i c a l  
power supply. 

MSC completed a study of the t r ans l a t iona l  capab i l i t i e s  of t he  LF51 
during descent from hover. 
through use of the  main engine and vehicle a t t i t u d e  than through RCS 
t r ans l a t ion .  
mately 20'. 

It revealed t h a t  b e t t e r  ranging w a s  obtained 

The optimm a t t i tude  angle for t r ans l a t ion  was approxi- 
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Guidance and Control.- A contract w a s  awarded t o  the  KoUsman 
Instrument Company f o r  the  development of op t ica l  subsystems. 

The make-or-buy plan f o r  t h e  LEN rendezvous and landing radars 
has been established . 

Breadboard testing of t h e  SCS f l i g h t  control  system has been com- 
pleted . 

The SCS was  o f f i c i a l l y  frozen, and design freeze on the bench 
maintenance equipment was completed. 

MISSION PLAN 

The objective of t h e  Project Apollo lunar landing mission i s  f o r  
manned expeditions t o  carry out l imited s c i e n t i f i c  observations on the  
lunar surface followed by a safe re turn  of t h e  crew t o  ear th .  

Another revis ion t o  the  Apollo lunar landing mission plan w a s  
i n i t i a t e d  during t h i s  quarter t o  function as t h e  mission planning speci- 
f i ca t ion  for the  Apollo contractors.  
placed on ground rules, on the  establishment of mission planning stand- 
ards, and on mission re la ted  systems design requirements. This version 
w i l l  be published during the  next quarter i n  loose leaf form. 
leaf binders were selected so  t h a t  addi t ional  d e t a i l s  and revisions can 
be e a s i l y  incorporated as they are  approved. 

As such, more emphasis i s  being 

Loose 

There have been several  meetings during t h i s  quarter  t o  develop 
the  MSC procedure f o r  sa t i s fy ing  At lan t ic  Missile Range (M) range 
safe ty  requ.irements, t o  estimate what those requirements might be and 
t o  b e t t e r  define the  mount of support required froin North American 
Aviation, Inc.  
requirement f o r  command destruct  packages on t h e  SM and LEM. 

The most pressing problem i n  need of resolut ion i s  t h e  

Two long range s tudies  were i n i t i a t e d  during t h i s  quarter.  The 
f i r s t  i s  the f e a s i b i l i t y  of using the  LLW propulsion t o  serve as ai 
a l t e rna te  to  the  SPS. 
l a t ed  ground ru les  i n  an attempt t o  determine how much each cost i n  
terms of spacecraft weight. 

The other study is t o  evaluate as1 mission re- 

Preliminary examination of the use of t h e  LEM propulsion as a 
backup t o  t h e  SPS has shown t h i s  capabi l i ty  t o  be very desirable  during 
the  ea r ly  phases of t h e  lunar  landing missions, pa r t i cu la r ly  f o r  m i d -  
course corrections during t ranslunar  f l i g h t .  It a l s o  appe,zl.s t h a t  t h i s  
capabi l i ty  can be a.cquired with very l i t t l e  modification t c  the  current 

3. 

-. 
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design i f  control  of t he  LEN propulsion engines i s  accomplished f romthe  
LEN. The de ta i led  design of t h i s  capabi l i ty ,  however, m a y  r e s u l t  i n  a 
control  dynamics problem; and t h e  decision t o  go h e a d  w i t h  t h e  capabi l i ty  
is  t o  be resolved during the  next reporting period. 

The main t a r g e t s  of t h e  weight analysis on mission ground rules are  
those ru les  re la ted  t o  operational f l e x i b i l i t y  and growth poten t ia l .  
These s tudies  a re  required i n  a t i m e l y  manner because of t h e  pressing 
spacecraft  weight problems. 

Launch Escape System 

The launch escape system (LES) provides t h e  means of propelling +,he 
CM t o  a sa fe  a l t i t u d e  and posit ion i n  the  event of a pad abort or  sub- 
o r b i t a l  abort .  Three rocket motors (launch escape, tower j e t t i son ,  and 
p i t ch  control)  i n  addition t o  s t ruc tu ra l  housings and a truss-ty-pe frame 
comprise the  launch escape tower. The LES i s  shown i n  f igure  7. 

During t h i s  reporting period, f i ve  launch escape motors developed 
longi tudinal  cracks i n  the  propellant grain val leys  a f t e r  being temp- 
e ra ture  cycled between 140" F and -20" F. The probable cause of f a i l u r e  
has been iden t i f i ed  as improper seal ing of the motors during temperature 
cycling, which allowed considerable moisture condensation on the  surface 
of the  propellant grain.  
s t rength resu l t ing  i n  crackiag a t  points of high s t r e s s .  
these conclusions and prove the  adequacy of t he  f i x  w i l l  be completed 
:;hortly. The motor for  b o i l e q l a t e  6 pad abort  vehicle w a s  inspected 
twice, and t h e  propellant grain 'was foand t o  be i n  excel lent  condition 
w i t h  no evidence of being exposed t o  excessive moisture. 
t e s t i n g  i s  scheduled t o  begin during the  next repor t i=  period. 

Excess moisture caused loss of propellant 
Tests t o  ver i fy  

Qual i f icat ion 

Development t e s t i n g  of t he  pi tch control motor w a s  successfully com- 
pleted i n  Ju ly  1963. 
October 1.963, t o  coincide wi th  s t a r t  of escape motor qua l i f ica t ion  t e s t s .  

Qualification t e s t i n g  i s  scheduled t o  start i n  

Two motor f i r i n g s  remain i n  the  tower j e t t i s o n  motor development 
program. 
t e s t s  and incorporatlon of a larger  th roa t  area.  krirg vibra t ion  of 
one of t he  motors a t  140" F, t h e  propellant grain temperature increase 
was unusually high. Cause of the high temperature i s  unknown a t  t h i s  
t ime. It was discovered t h a t  the t e s t  was not conducted accsrdily: t o  
t h e  proper procedure. Ynerefore, aciditioiid. t s s t s  zizc reqdire2 tc? ileter- 
mine i.f a potential. problem exis t s .  
s l i g h t l y  t o  lower t h e  maxinum chamber pressure i n  order t o  r a i s e  the 
sal'ety i 'actar from the design point of 1 .4  t o  1.5. 
malice of the  tower j e t t i s o n  system has not been adversely affected as 
t h e  difference i n  t h rus t  i s  only 2 t o  3 percent.  

These f i r i n g s  have been delayed t o  allow addi t ional  vibrat ion 

The th roa t  area has been increased 

The overa l l  perfor- 

Qmlificatiolz testi-ng 
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i s  scheduled t o  start  during the  next reporting period. 

Structural  s t a t i c  load t e s t s  on the  tower have been successfully 
completed. 
due t o  l a t e r  modifications t o  the  towers. These t e s t s  a re  scheduled f o r  
completion during the  next reporting period. 

A portion of t h e  tower a t tach  points tests w i l l  be repeated 

Sequencer 

The technique of e scaphg  from the  launch vehicle  a f t e r  t h e  launch 
escape tower has been je t t i soned  I s  s t i l l  under study. Results t o  da te  
indicate  t h a t  t he re  a re  so  many steps t h a t  must be taken i n  the  proper 
order and w i t h  precise  t i m i n g  t h a t  t h e  design goal of a f u l l y  manual 
sequence for an abort  using the  SPS m a y  be impractical  and a semi-auto- 
matic sequencer may be needed. 

The mission sequencer in te r face  with the  launch vehicle  emergency 
detect ion system (EDS) has been defined as a t r i p l e ,  hot-l ine connection 
across the spacecraft-launch vehicle plane of separation with a voting 
log ic  device i n  the  sequencer. The triple-with-voting scheme assures 
t h a t  a single f a i l u r e  i n  the  EDS w i l l  not d i sab le  the  system and w i l l  
not cause a false abort .  The hot- l ine fea ture  will assure an automakic 
abort i f  the s t ruc tu ra l  connection fa i ls .  For ce r t a in  ones the  th ree  
in te r face  connections a re  grouped together  at t he  in te r face  and then go 
down a common tube. 
s t ruc tura l  monitor hot-l ines,  90" apart ,  all t h e  way down the  launch 
vehicle.  

The present plan f o r  Saturn I B  i s  t o  have four  

Comand Module S t ruc tura l  System 

The heat sh ie ld  substructure w i l l  be changed from P H l > - T I O  s t a i n l e s s  
s t e e l  t o  PHl4-8MO s t a in l e s s  s t e e l  subsequent t o  airframe (AFTv"I) 001, 009, 
002 and 006. Weight increases i n  the  face sheets  would be required f o r  
the  cold soak condition due t o  t h e  b r i t t l e  behavior of' PHl~-T(I"IO a t  cryo- 
genic temperature. No  fabr ica t ion  problems are expected t o  r e s u l t  from 
t h i s  change. 

Crew couch s t r u c t u r a l  design was frozen duriug t h i s  repor t i% period 
and release of long lead  time items s t a r t e d  on August 30, 1963. 
s t ruc ture  has been adopted t o  eliminate t h e  requirement t o  weld t h e  ti- 
tanium box members of t h e  o r ig ina l  design. 

A t a b u l a r  

Delivery of the  f i rs t  dual mode explosive b o l t  prototypes i s  expected 
i n  December 1963. 

The deisgn of t he  CSM separation system has been completed, and tes t  
hardware is being fabricated.  
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The extendible probe docking concept has been chosen as the  primary 
approach f o r  t he  docking system. A hardware t e s t  program, computer ana- 
l y s i s ,  and f l i g h t  simulation program have been i n i t i a t e d  t o  evaluate the  
f e a s i b i l i t y  of several  types of extendible probe/tether systems. Action 
i s  being taken by North American Aviation, Inc.  a -d  G r w a n  Aircraf t  
Engineering Corporation t o  determine the s t i f f n e s s  requirement of t he  
clocking in te r face  s t ruc ture  for compatibil i ty with the  s t a b i l i z a t i o n  
and control system. 

Service Module Structure System 

AMR requirements f o r  a destruct  or f u e l  dispersal system a re  being 
explored. Requirements a re  expected t o  be f ina l i zed  during the  next 
quarter .  

The e f f e c t  of t he  f luctuat ing pressure environment during launch 
on the  SM panel i s  being evaluated by North American Aviation, Inc., 
using a c r i t e r i a  formulated by MSC. Sled t e s t s  a re  under consideration 
a s  a means of t e s t i n g  f o r  t he  environment. 

Crew Equipment 

The Gemini very high frequency (VHF) survival  beacon i s  being re- 
viewed f o r  Apollo usage. 
de t a i l ed  review of beacon requirements. 

A decision i s  expected i n  November 1963, a f t e r  

MSC has concurred i n  North American Aviation, Inc . ' s  recommendation 
t h a t  MOCK-UP 12 be configured f o r  use i n  l i gh t ing  s tudies .  
Aviation, Inc.  w i l l  present detai led plans f o r  t he  l i gh t ing  s tudies  i n  
November 1963. 

North American 

The Apollo centrifuge program i s  on schedule. The f i x t u r e  was 
shipped on September 30, 1963, t o  Johnsville,  Pa., for i n s t a l l a t i o n  
(See Engineering Simulation Program CM/SM sect ion of t h i s  repor t )  . 

Arrangements have been made w i t h  t he  A i r  Force Systems Comand 
f o r  support of Apollo weightlessness t e s t s .  
a c t i v i t y  provides f o r  MSC approval of contractor t e s t  plans and A i r  
Force approval of all sa fe ty  of f l i g h t  items. 

Both NASA and contractor 

Environmental Control System 

The Environmental Control System (ECS) provides a sh i r t - s leeve  en- 
vironment i n  the  crew compartment and i s  capable of providing t h i s  func- 
t i o n  fo r  a three-man space f l i g h t  f o r  a two week period. 

The regenerative heat exchanger which allowed the  crew t o  adjust  
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t h e i r  s u i t  inlet temperature w a s  deleted.  The s u i t  inlet  temperature 
w i l l  be main ta ined  constarit by t h e  ECS, and flow control  w i l l  be used 
t o  ad jus t  crew comfort during su i ted  conditions. 

The required flow from the  s u i t  compressor during emergency decom- 
pressed conclitions has been reduced from 12 c f ~ n  t o  10 cf'm per man (37 
lb/hr  t o t a l  f l o w ) .  
reduction was  only 9-10 cfkn per man at t h e  3.5 ps ia  condition. 
redesign o f t h e  compressor appeared necessary, t h e  requirement w a s  re- 
viewed by MSC physiologists who determined t h a t  f o r  such an emergency 
condition, 10 cfm per man would be adequate. North American Aviation, 
Inc ./AiResearch then determined t h a t  t h i s  flow could be accommodated by 
incorporating a bypass i n  the  LiOH cannister,  thus reducing the  t o t a l  
system pressure drop with an  attendant flow increase.  A minor modifi- 
cat ion of the compressor impeller was a lso  invest igated t o  provide the  
necessary flow, but tes t  r e s u l t s  showed no appreciable flow increase.  
North American Aviation, Inc . / M e s e a r c h  a re  implementing the  L i O H  can- 
n i s t e r  bypass t o  increase s u i t  flow rate i n  t h e  emergency condition t o  
the  now required minimum of 37 lb/hr .  

The compressor output a t  t he  t i m e  of the requirement 
Since a 

The freon tank f o r  boost cooling w a s  a l so  deleted by North American 
Aviation, Inc .  
coolant i n  the gly-col reservoir  as a heat sink. 
Inc.  stated. t h a t  MIT can accept a temperature t r ans i en t  of su f f i c i en t  
magnitude t o  allow t he  change. North American Aviation, Inc.  i s  proce- 
eding with implenienta.tion of the  change, 'but fu r the r  de f in i t i on  of the  
temperature t rans ien t  and i t s  acceptab i l i ty  t o  MIT w i l l  be obtained. 

The glycol  loop w i l l  be rearranged t o  allow use of t he  
North American Aviation, 

Glycol loop redilndancy w i l l  be aided f o r  c r i t i c a l  equipment t o  
allow f o r  a safe  re turn  from lunar  orb i t ,  following loss of t he  primary 
glycol loop. North American Aviation, Inc.  has not implemented t h e  
change, pending be t t e r  de f in i t i on  of which equipment i s  c r i t i c a l  f o r  
such an abort condition. 
i n  an emergency so as t o  preclude the  need f o r  redundant cold p la tes .  
Redundant crew cooling i s  provided by an ex i s t ing  water bo i l e r .  
JLwrican Aviation, Inc.  w i l l  submit a complete plan of ac t ion  f o r  imple- 
mentation of t h i s  chawe t o  !%C i n  October 1963. 

Most of' t he  e lec t ronic  equipment can be cycled 

North 

The glycol evaporator i s  being redesigned t o  incorporate improved 
t r a m i e n t  response control .  
w z t t x  metering valve, but t r ans i en t  response w a s  unacceptable. 

The present approach t o  control  i s  a simple 

The redesign recommended by AiResearch appears technica l ly  i'edsiLle 
L,Li5 i s  complicated and heavy. 
r.cI;ested t o  o t t a i n  proposals from AiHesearch f o r  s impl i f ica t ion  of t h e  
3z.i .;k-?~Lly recommended redesign. 

North American Aviation, Inc.  has been 

. 
z 

-" 

d . 
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North American Aviation, Inc. and MSC a re  studying possible problems 
concerned with moisture condensation i n  t h e  CM i n t e r i o r .  Consideration 
i s  being given t o  condensation on t h e  w a l l s  and tubing as well  as i n  t h e  
cabin heat exchanger. 

2 
The Perkin-Elmer Corporation has delivered the  f irst  prototype CO 

sensor t o  MSC f o r  evaluation. North American Aviation, Inc. i s  proce- 
eding with procurement of t h i s  same uni t  as a pa r t  of t he  ECS f l i g h t  in- 
strumentation. 

AiResearch development testl ing i s  now approxin?ately 75 percent com- 
p l e t e .  Most components have completed at l e a s t  one phase of development 
testing. Continued chaG5es t o  optimize the  system by decreasing weight 
and improving r e l i a b i l i t y  have camed delays i n  completion of deve lop  
ment . 

AiResearch is  running l i f e  tests on all t h e  ro ta t ing  equipment. 
Progress t o  date has been sat isfactory i n  all respects.  
f a i l u r e s  have been encountered. 

No premature 

S t a r t  of t h e  breadboard t e s t s  has been delayed because of l a te  fac- 
Delays t o  date are  i l i t y  completion and lack  of sui ta lde t e s t  hardware. 

not c r i t i c a l  due t o  s l i p s  i n  f l i g h t  dates.  

North American Aviation, Inc. i s  proceeding with man ra t ing  of the  
f a c i l i t y  t o  accommodate the  manned ECS tes t  program. 
ment, and miscellaneous crew equipnent will also be evaluated i n  these 
same tests on a non-interyerence basis. Sophisticated tests of t he  mn- 
p l e t e  controls and displays were proposed by North American Aviation, 
Inc.  but disapproved by MSC due t o  la.ck oi" a requirement €or such t e s t s  
and the  poss ib i l i t y  of unnecessary complication of t he  primary ECS t e s t  
e f f o r t .  

Food, waste manage- 

Guidance and Navigation System, Command Module 

The guidance and navigation systexi provides semi-automatic control 
from translunar in jec t ion  through the  lunar mission and re turn  t o  ear th .  

Three pr inc ipa l  problem areas are re f lec ted  i n  the  guidance ar,d 
navigation schedules as of t h i s  reportin& period: 

a .  The Apollo guidance computer redesign w a s  f irst  thought t o  cause 
a major schedule s l i p  primarily due t o  necessary changes i n  the  mechanical 
packaging and e lec t ronic  specif icat ion control drawings (SCD) . 
it now appears t h a t  a three month s l i p  will occur; and due t o  the  i n i t i a -  
t i o n  of sch.edule recovery plan and producibi l i ty  changes the  delivery 
dates  w i l l  be improved. 

However, 
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b. Late def in i t ion  of in te r face  coordination documents ( I C D )  by 
North American Aviation, Inc . m d  MIT/Instrumentation Laboratory has 
caused t h e  electronic  SCD's of t h e  power servo assembly (PSA) arid the  
PSA junction box t o  be l a t e .  2his  s i t ua t ion  i s  only re f lec ted  i n  the  
PSA because of t he  complex, high densi ty  nature of these e lec t ronic  
components. 

c .  The LJDI guidance and navigation hardware procurement plan i s  
as ye t  unapproved by NASA Headquarters. 

The design change, replacing the  brazed nav base by a s o l i d  machined 
uni t ,  w a s  approved with e f f e c t i v i t y  of Apollo guidance equipment 7, 
and r e t r o f i t  on Apollo guidance equipment 6 and 2. 
i n t e g r i t y  model w i l l  use the  brazed uni t .  
polation of t e s t  da t a  t o  t h e  new design. 

The MIT mechanical 
NIT w i l l  provide valid extra- 

Problem areas, which w i l l  be resolved during the  next quarter  are 
Display Keyboard (DSKY) Panel Electrotuminescent Light qua l i f ica t ion  
and lack  of program information i n  order t o  produce f ixed memory core 
ropes. 

I n e r t i a l  Measurement YJnit (IMU) Stub Shaft Fa i lure  .- All changes 
r e f l ec t ing  present resolut ions have been released. A program involving 
the  use of Bel levi l le  washers t o  damp r e l a t i v e  IMU motion i s  under w a y .  
This damping e f f ec t  w i l l  reduce the  load magnification fac tor .  
p l e t e  documentation package of the s tub shaf t  problem including back- 
ground, vibrat ion history,  analysis,  t e s t  r e su l t s ,  resolution, and 
improvement program has been assembled. 

A COIII- 

Design release f o r  t he  coupling display un i t s  (CDU) w a s  vir tui j l ly  
completed. A l l  t h a t  remains outstanding a re  a few assembly drawings. 

The i n e r t i a l  reference integrat ing gyro ( L R I G )  f o r  t he  r e l i a b i l i t y  
program technical  negotiation w a s  completed. Results were t h a t  t h e  t e s t  
schedule was moved forward about th ree  months and the  mount of t e s t  t i m o  
w a s  increased a5out 30 percent with rio attendant cost  increase.  

The problem on the  I R I G  suspension capaci tor  module hermetic s e a l  
specif icat ion i s  near l rg  resolut ion.  The o r ig ina l  SCD contained no 
specif icat ion f o r  the  seal ,  and the  del ivered un i t s  f a i l e d  t o  pass t h e  
s i l i cone  bsth seal t e s t  but d id  1 J m S  the  spray tes t  joy bomb. However, 
it w a s  decided t o  use t h e  90 compone;lts del ivered i n  conjunction with 
t e s t s  intended t o  specify and check ac tua l  l eak  r a t e  through the  use of 
a dye i n  the  p lo t t ing  coriipound. 

The IRIG del ivery problem has improved. Based upon seven arid one- 
half months lead time per system, as req-dire6 per contract ,  and a xxi-niirim 
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of f i v e  gyros per system t o  provide f o r  spare and se l ec t iv i ty ,  a follow- 
on order w i l l  be required i n  the near fu ture  t o  avoid a de l ivery  gap be- 
ginning i n  April  1964. 

Computer t e s t  set breadboard 2 w a s  completed. 

System tes t  f o r  Apollo's guidance equipment 4 has s l ipped about one 
month due t o  completion delays of t h e  PSA and t h e  a v a i l a b i l i t y  of the  
A. C .  Spark Plug Division-General Motors Corporation pre-production GSE. 

A.C. Spark Plug Division-General Motors Corporation w a s  given author- 
i z a t i o n  f o r  t he  following: 

a. To proceed with the  design and fabr ica t ion  of four  s igna l  load 
simulators f o r  f i e l d  s i te  GSE 

b. To proceed with 
purging equipment 

c.  Under emergency 
IMU, and elements of the  
simulation e f f o r t .  

The opt ics ,  map and 

the  design and fabr ica t ion  of GSE coolant system 

clause t o  proceed with fabr ica t ion  of 3 CDU's, 
PSA t o  support t he  North American Aviation, Inc.  

da t a  viewer, IMU and coolant l i nes ,  bellows, 
nav base, and shock mounts f o r  Apollo guidance equipment 5-A have been 
received by MIT. Shipping instruct ions f o r  t he  display and controls,  
and t he  w i r i n g  harness have been provided. 

One-half tray of t h e  computer power supply has been integrated i n t o  
t h e  core rope t r ay .  The core rope has been completely packaged on one- 
ha l f  t r a y  instead of one f u l l  tray. The result is  a reduction of approxi- 

mately 0.41 f t  t o  a t o t a l  of 1.15 f t  . 3 3 

Experience with Apollo guidance equipment 4 i n  system t e s t  at  MIT 
has shown t h a t  inadvertently magnetization of t h e  pulse in tegra t ing  
pendulum (PIP) is  a problem. A.C.  Spark Plug Division-General Motors 
Corporation has been d i rec ted  t o  respond t o  an out-of-scope technica l  
d i r ec t ive  ca l l i ng  f o r  t h e  design and fabr ica t ion  of a number of portable 
PIP demagnetizers. 

A s a t i s f ac to ry  schedule f o r  de l ivery  of GSE cold p la tes  from North 
American Aviation, Inc.  t o  MIT contractors was establ ished and the  Yirst 
cold p la tes  were delivered t o  MIT during t h i s  quarter .  Delivery of 
thermal interface material  for the cold p la tes  i s  s t i l l  indef in i te ,  and 
North American Aviation, Inc.  has been advised t o  e s t ab l i sh  a schedule 
f o r  del ivery of same t o  correspond with cold p l a t e  de l iver ies .  Utliza- 
t i o n  of a MIT source of cold plates i s  being contemplated due t o  fac tors  
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of North Amerizan Aviation, I r c .  costs  and scned-ule s l i p s .  

Due t o  the  l a t e s t  repackaging of t he  Apollo guidance computer (AGC) 
by MIT, investigation of‘ iapact on costs  and schedules i s  being m a d e .  
Considering the  f a c t  that; this change reduces the  s i z e  of the computer 
t o  allow the s t o w q e  of a ccmiplete spare computer within the  assigned 
space al located Tor. m e  coinyter ,and spares, t h i s  change w i l l  g r ea t ly  
improve in- f l igh t  maintenance. 
zat ion of double-redundant coInpu.ter design which i s  current ly  being 
considered i n  l i e u  of t h e  spare ccmputcr concept. 

This change lends i tself  t o  the u t i l i -  

t 

Venting of’ t he  S-IV3 whi1.E: i n  +,he ea r th  parking o rb i t  w i l l  cause 
i n i t i a l  condition uncertaint ies  for trarislunar in jec t ion  t o  be increased. 
The increase i n  uncertainty i s  due t o  the  i n a b i l i t y  of t he  accelerometer 
t o  measure the veloci ty  increment created durii.4 t h e  vent since the  im- 
pulse i s  i n  t h e  ordey G f  t he  accelerometer b ins .  
of t h i s  i s  t o  cause the first rn52course ve loc i ty  corrections t o  be dou- 
bled.  
t o  measure t h e  accelerouieler bins w h i l e  i n  ear th  orb i t ,  and hence com- 
pensate Yor the b . k ;  e 

measuremcnt of‘ the  accclerome-ter b i a s  . 

The resu l t ing  e f f ec t  

Studies a t  MIT/Ins trumentation I,aboratoiy indicate  it i s  possible 

Tliere may be operational. problems associated with 

The use of gyro-coinpa:;::inl: f’or prc-launch LMIJ aligilrnent y ie lds  
‘uiniuth a l ignmen t  accurneics sut’1’icier.t t o  complete the  mission with 
very l i t t l y  AV pennlty. T h i s  ali l] ;mwiit ,  accuracy is based upon a 2 meru 
s tab le  gyro. 

The shock arid v ibrc i t im cpzl..ii’icai;ion t c s t s  on the  IMU chipping 
coritairier were completed, and al-1 r.c.:ultr, were pos i t ive .  

Guidance arid navicxt ion ,;,y>;!;CIil Apo1l.o gc.i.dancc equipmelit >-A T ? ~ G  

shipped t o  rJortli American Aviritioii, Lie .  pe raonnel witnessing disassembly 
arid asscmbly of t he  SY:;~CIII o t  M I T  bel’o:’c shipment. 
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bench maintenance equipment was completed. 
system w i l l  be control led by an  inter im configuration cont ro l  procedure 
t o  be administered by North American Aviation, Inc.  Formal change con- 
t r o l  board procedures will be i n s t i t u t e d  on del ivery of t h e  f i rs t  SCS 
system. 

A l l  f u tu re  changes t o  the 

Casting drawings f o r  t h e  sensor block and base of t he  rate gyro 
package were released t o  production. A l l  piece pa r t s  drawings f o r  t he  
chassis,  including brazing assemblies, have been released. F i r s t  sub- 
assembly drawings f o r  t he  t r ans l a t iona l  cont ro l le r  and main body costing 
drawings were completed. 

The TVC amplif ier  s tud ies  have been completed. The bench maintenance 
equipment rate gyro tes t  console was s a t i s f a c t o r i l y  checked out and ac- 
cepted by North American Aviation, Inc. and USAF inspectors .  
received t h e  SCS t o t a l  system schematic representing the SCS design as 
frozen. 

MSC has 

Procurement of ro t a t iona l  and t r a n s l a t i o n a l  cont ro l le rs  and f l i g h t  
d i r e c t o r  a t t i t u d e  indicator  (FDAI) from Minneapolis-Honeywell Regulator 
Co. has been s t a r t e d  t o  support the  forthcoming Johnsvi l le  centr i fuge 
program. 

Reaction Control Systems 

The function of t he  RCS i s  t o  provide a t t i t u d e  cont ro l  f o r  the space- 
craft ,  

As of t h i s  report ing period, 28 CM RCS engines have Seen t e s t ed .  O f  
t h e  28 engines, 21 were of a "workhorse" configuration and 7 w e r e  f l i g h t  
weight prototypes. Since t h e  last s t a t u s  report ,  t h e  following mechanical 
and performance d i f f i c u l t i e s  have been encountered and remedial measures 
have been taken. 

a. In j ec to r  pressure drop was found t o  exceed the  design pressure 
budget. Enlargement of both oxidizer and f u e l  o r i f i c e s  has resolved 
t h i s  problem with less than one percent performance degradation. 

b. Random cracking occurred i n  t h e  macerated outer chamber ab la t ive  
b i l l e t .  Analysis of t h i s  material, subsequent t o  test, indicated t h a t  
macerated f i b e r  length was e s sen t i a l ly  "zero" and ac tua l  s t rength  was 
s ign i f i can t ly  less than design values.  
designed throughout t o  incorporate oriented ablztive r i t z r i d  ir, l i e c  nf 
t he  macerated material .  Engines incorporating t h i s  new design are sche- 
duled for  t es t  during the  next report ing period. 

Chatrber c w s t r u c t i o n  has been re- 
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No improvement i n  the  throa t  cracking previously observed i n  the  
C/M RCS engine has been obtained since June 1963. Alternate throa t  
i n se r t  designs t o  have been t e s t ed  t o  support design change decision on 
August 17, 1963, have not yet  been t e s t ed  and will not be t e s t ed  by 
Rocketdyne u n t i l  January 1964. 
been de-em2hasized by Rocketdyne without j u s t i f i ca t ion .  
s t i l l  evident i n  both the  Si l icon carbide and Tungsten capsulation 
materials and s t i l l  exhibi ts  random orientat ion.  

Testing of t he  a l te rna te  designs has 
Cracking i s  

Prototype t e s t i n g  of t he  SM RCS engine wtth t h e  12" on 12" doublet 
impingement in j ec to r  w a s  terminated p r io r  t o  completion of t he  planned 
program. Termination was necessitated by t h e  occurrence of t h rus t  cham- 
ber f r a p e n t a t i o n  and burn-through f a i lu re s .  Investigations are  under- 
w a y  t o  determine the  causes for these f a i l u r e s  and t h e  design modifica- 
t ions  necessary t o  prevent fu ture  occurrences. 

A weldment porosity problem was encountered at A i r i t e  during fab- 
r i ca t ion  of t h e  CSM RCS ti tanium propellant tank she l l s  for B e l l  Aero- 
systems Company. Porosity has been reduced t o  acceptable limits by 
incorporation of more s t r ingent  fabr icat ion and cleaning controls.  
Successfulweldments a re  now being obtained with a one-pass tungsten 
i n e r t  gas ( T I G )  welding technique. 

North American Aviation, Inc.  i s  continuing with the  dynamic por- 
t i o n  of 'ihe CSM RCS coldflow breadboard tes ts .  Recent tes ts  indicate  
t h a t  t he  working pressure for t h e  helium pressurizat ion b o t t l e s  on both 
CSM systems can be reduced from 5,000 t o  4,500 psig.  
determined tha t  t h e  CM RCS propellant j e t t i s o n  system functions properly 
at design conditions. 
ta ining helium temperatures above freezing (32" F) during simulated pro- 
pel lant  j e t t i son  tes ts .  F'urther t e s t i n g  w i l l  be done i n  t h i s  a rea  t o  
deternline i f  regulator freeze-up w i l l  occur during these "blow-downs ." 
"Hot" f i r ings  of these breadboard systems are  presently scheduled fo r  
i n i t i a t i o n  i n  t h e  f i r s t  quarter of 1964. 

It has a l so  been 

Some d i f f i c u l t y  has been experienced i n  main- 

Service Propulsion System 

The SPS provides power f o r  a l l  major ve loc i ty  corrections a f t e r  
This system booster separation and for retrograde from ear th  o r b i t .  

a l so  provides the  veloci ty  increments required fo r  o r b i t a l  correction. 

The Arnold Engineering and Development Center (AEDC) conducted seven 
f i r ings ,  primarily t o  check out tes t  c e l l  niodifications a d  t o  dcmonstrate 
the  capabili ty of the  t e s t  f a c i l i t y  t o  tes t  t h e  60:i e x i t  r a t i o  nozzle 
extension. Various modifications of the  f a c i l i t y  and engine control  
systems, t e s t  c e l l  exhauster system, and operating procedures were ac- 
complished u n t i l ,  following the  seventh run, t h e  t e s t  configuration and 
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procedures were considered adequate f o r  perfonnirg the  planned engine 
development tes ts  using the  colun;biun:-tit~anim- nozzle extensi.on. Each 
checkout tes t  w a s  conducted w i t h  all z i tan iwi  nozzle extecsions t o  pre- 
clude destruct ion of the  more cost ly  col1rn-bium-titanim nozzle extention. 
Leakage through the  t h r u s t  chamber valve baLl seals riecessitated the  re- 
placement of four engine valves and crozted a m j o r  delay i n t h e  tes t  
a c t i v i t i e s  because of t h e  replacement t h e  required end the  unavai labi l i t j j  
of spare un i t s .  
t o  increase t h e  number of spare vriLve un i t s  avai lable  on s i te  a t  AEDC; 
and, i f  necessary, t o  replace t h e  engine valve with a f a c i l i t y  type valve. 
I n  addition, an a2psrent mianpower shortege i n  the ARO, Incorporated, 
organization prevented the timely re9ai.r of f a c i l i t y  equipment f a i l u r e s  
and t h e  correct ion of f a c i l i t y  conf'i.guration def ic iencies .  
i s  outside d i r e c t  NASA control  and may require corrective act ion by t h e  
USAF Systems Command. 

Action w a s  taken t o  improve the  def ic ien t  seal design; 

'?!his problem 

On Ju ly  15, 1963, a doublet pa t t e rn  with s w i r l  type f i l m  cooling 
was selected as t h e  prototype in jec tor  pa t te rn  on the  bas i s  of satis- 
fac tory  ab la t ive  chamber compatibility and ( charac te r i s t ic  exhaust 
ve loc i ty)  performance of 96.3 percent of theore t ica l .  
demonstrated adequate abrat ive chamber l i f e  and acceptable performance 
degradation under normal and abnormal operation duty cycles.  
problem remaining was the rating of the  dynamic s t a b i l i t y  cha rac t e r i s t i c s  
of t h e  se lec ted  pa t te rn  a g a i z s t  f o m a l  s t a b i l i t y  t e s t  c r i t e r i a .  
develcping such c r i t e r i a  at the  close of t h i s  reporting period. 
c r i t e r i a  w i l l  be incorporated into the  engine development program require- 
ments i n  October 1963. 

Subsequent testing 

The major 

MSC i s  
These 

The F-1 t es t  f ix tu re  simulating spacecraft  configuration propellant 
pressurant systems were ins ta l led  on the  C-11 t e s t  stand at t h e  Aerojet- 
Sacramento, California $ant ami t h e  f i r s t  hot tiring w a s  conducted on 
September 28, 1963. I n  t h i s  reporting period subcontractors were selected 
f o r  t h e  remaining SPS components, mu a , l l  but one were approved and 
signed. 

Development and manuf a c t u r l ~ g  are proceeding 0:: E L L  components w i t h  
t h e  exception of t he  heliim solenoid valve which w i l l  be awarded soon. 
The first p o t o t y p e  heli-um regulator w a s  coxpleted and tes ted,  and it 
performed within specificat2ons.  

The high veloci ty  pa r t i c l e  impact t e s t s  on propellant tank materia3 
szii.ples L U C ~ ~ ~  - 2 .- - c;vIIcLuLbGu ---,3.. -4. ,.A zt S d t  L&e C i t y ,  'Lt& hzX.rp n r n d l i ~ v d .  n o  accept- I- - ----  - 
able  da ta .  -Further t e s t s  w i l l  be nade i n  an e f f o r t  t o  obtain th ree  ac- 
ceptable impacts. Four helium tanks have been manufactured to 3ate  w i t h  
one major weld problen~ reported. Corrective action consis ts  of improving 
cont ro l  of we ld .  cleanliness.  Two propellant twks have been completed 
with some minor porosity i n  a weld on one of the t d s  and a major prob- 
l e m  of lack of f i l l e r  mater id .  i n  a weld on -the other tank. The f i r s t  
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tank completed was a f u e l  tank; it began qual i f icat ion t e s t i n g  on Sept- 
ember 30, 1963. 
small crack near t he  bottom weld i n  t h e  tank w a l l  following proof t e s t .  
Investigation in to  t h e  cause of f a i l u r e  i s  now underway, and the  r e su l t s  
of which w i l l  be reported i n  the  next s t a tus  report .  

The t e s t s  were terminated when t h e  tank developed a 

Operational Instrumentation System 

A L l  AFM OOg transducer specif icat ions are  i n  various stages of t h e  
North American Aviation, Inc. release and review system. No contracts 
have been released. 

The central  timing equipment ( C T E )  i s  scheduled t o  begin acceptance 
t e s t s  a t  Elgin as soon as  reported shortages of Hughes pins are resolved. 

Leach Corp. i s  now working of t he  fabr ica t ion  of the  four th  Engine- 
Models E-1 through er ing (E)  model of t he  da ta  storage equipment (DSE) . 

E-3 have been through acceptance tests.  
North American Aviation, Inc. and J!WX at  North American Aviation, Inc. 
i n  September 1963. 
the  three-speed DSE. 

Model E-3 w a s  demonstrated t o  

Leach Corp. i s  i n  stages of completing t h e  design of 

The completion of the  f irst  E model of t h e  s igna l  conditioning e q u i p  
ment i s  scheduled fo r  l a t e  October 1963. The pacing i t e m s  are s igna l  con- 
d i t ion ing  modules from the  companies of Vector, Epsco and United Electro 
Dynamics, scheduled f o r  del ivery t o  Collins Radio Co. on October 15, 1963. 

The release of t h e  radiat ion system specif icat ions i s  planned f o r  
October 1963. North American Aviation, Inc . i s  presently completing 
addi t ional  studies requested by MSC. 

The data d i s t r ibu t ion  panel philosophy presently encompasses the  
following : 

I. Operational d i s t r ibu t ion  panel (behind tape recorder) 

A. Accessible: Approximately 1,700 da ta  points 

B. Inaccessible: Approximately 1,200 da ta  points 

11. Flight qual i f icat ion data  d i s t r ibu t ion  panels 

A. One located i n  the  spacecraft  e lec t ronic  package with t h e  
f l i g h t  qual i f icat ion telemetry system 

-. 

*. 

B. "he second located i n  t h e  outer  t o r ro ida l  sect ion of t h e  
CM along with the  f l i g h t  qua l i f ica t ion  commutators. 



A jo in t  Ekllcomn, 1nc.-Rand Corp. in-f l ight  t e s t  study was released 
during t h i s  period with recommendations la rge ly  supporting the  North 
American Aviation, Inc. in-fl ight t e s t  system (IFI'S) concept. 

The IFTS procurement was released by MSC on September 22, 1963. 
The Kellogg Division of International Telephone and Telegraph, Inc., 
has been awarded the  IITS subcontract. 
Aviation, Inc. in-f l ight  maintenance and sparing concept i s  being re- 
viewed by MSC. 

The present North American 

The IFTS has been fur ther  defined as having l 5 O  comparators instead 
of the or ig ina l  225. The IFTS meter w i l l  have the  capabi l i ty  of moni- 
to r ing  s ignals  on all "GSE access" connectors of CSM equipment i n  the  
lower equipnent bay. This additional meter capabi l i ty  is provided at  
l i t t l e  weight expense. 

The CTE d i g i t a l  display has been replaced w i t h  a mechanical clock. 
This resul ted i n  both a weight and power saving f o r  the  CSM. 

Procurement specifications f o r  the display and control panel com- 
ponents have been released except those f o r  the  incandescent bulb, her- 
metically sealed push button switch, and the  hermetically sealed poten- 
tiometer. These are expected t o  be released during Ocotber 1963. 

Purchase orders have been issued f o r  the  barometric indicator  and 
f o r  all panel meters. 

Electr ical  Power System 

-- 

The e l e c t r i c a l  power system (EPS) provides the  ac and dc e l e c t r i c  1 
power required by the various spacecraft systems during f l i g h t  and post- 
landing phases of missions. Resent  s ta tus  of the EPS i s  as follows: 

Inverter.- Westinghouse Electr ic  Co. has frozen design of the  space- 
c r a f t  prototype inverter .  Westinghouse Elec t r ic  Co. has o f f i c i a l l y  re- 
quested the following deviations from the  procurement specif icat ion:  

Efficiency: 77.3 percent a t  1,250 VA and 0.9 power fac tor .  
The specification required i s  80 percent. 

! h T p i r r h +  0 - A " .  * M~xihiim 40,3 l b s .  The s p c i f i c a t i o n  weight i s  
30 lbs. 

Rel iab i l i ty :  0.9396 for  336 hrs. The specification r e l i a b i l i t y  
is 0.9786. 

The a f fec t  of these deviations on spacecraft performance i s  presently 
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being invest i g  at ed . 
Battery.- Five pre-prototype ba t t e r i e s  have completed t e s t i n g  cycles 

at Eagle-Pitcher wi th  no major design problems. Acceptable processes f o r  
welding and coating the  t i t a n i u m  battery cases have been developed. 
pmchase order f o r  the pyTo Sattery has been approved and i s  presently i n  
t he  North American Aviation, Inc.  procurement cycle. 

The 

Ekttery Charger.- Ident i f ica t ion  and t r aceab i l i t y  requirements placed 
on the  International Telephone and Telegraph, Inc. ba t te ry  charger have 
been resolved. F i r s t  prototype uni t  i s  scheduled t o  be delivered during 
October 1963. 

A decision has been mad-e t o  m a k e  t h e  portable l i f e  support system 
(PLSS) back pack battery compatible t o  t h e  spacecraft  battery charger, 
thereby deleting the  requirement f o r  t he  addi t ional  charger control un i t .  

North American Aviation, Inc. has been requested t o  provide e l e c t r i c a l  
ground power through the  SM umbilical connector i n  l i e u  of a carry-on 
cable, which would require removal p r io r  t o  service tower removal. 
change w i l l  save approximately three  hours of spacecraft  operational cry- 
ogenics and provide grea te r  operational f l e x i b i l i t y  by making f u e l  c e l l  
s ta r t -up  time independent of service s t ruc ture  removal t i m e .  

This 

Total  e l e c t r i c a l  energy requirements f o r  t h e  14-day lunar  mission 
are 581 kilowatt hours, which i s  approximately 80 KWH less than the  pre- 
viously reported power requirements, and i s  51 KWH more than the  ex is t ing  
fue l  c e l l  capacity of 530 KWH. 

Entry time (CM-SM separation t o  touchdown) has been increased from 
0.47 t o  O.7> hours. The t o t a l  estimated energy requirement f o r  0.75 hours 
i s  only within t h e  combined capacity of t he  three present en t ry  batteries. 
For emergency entry (two ba t t e r i e s ,  f u l l  charge) requires 1,544 watt-hours 
and only 1,430 watt-hours are available.  
w i l l  require an increase i n  entry ba t te ry  capacity. 

Further increase of en t ry  t i m e  

Fuel Cell.- C e l l  shorting and c e l l  floodine; continue t o  be the  major 
causes of fue l  c e l l  malfunction. A number of f a i l u r e s  have caused con- 
tamination of the  product water due t o  t h e  presence of KOH e lec t ro ly t e .  
An extensive s e a l  evaluation prograa has resu l ted  i n  t h e  present pre- 
s t ressed,  molded Teflon "L" shaped seal configuration. Although t h i s  
seal has greatly reduced t h e  incidence of KOH leakage, it has not com- 
p l e t e ly  eliminated the problem. Seal development e f f o r t  is  continuing. 
A number of design modifications are now being made t o  the  f u e l  c e l l  
module t o  eliminate causes of c e l l  short ing and flooding. The t a b l e  on 
the  following page i s  an wcwriulation of t es t  hours as of September 1, 
196 j. 



A t  Temp. 
Configuration 

6 Cell stacks 

31 Cell stacks 

Independent modules 

I 

I 

5 7  690 

2 7  758 

2,192 

Single c e l l s  
approx . 
48, ooo 

Test Hours 

On Load on Load w/o 
Malfunction 

932 

Cryogenic Storage System.- Metallurgical problems with both the  ti- 
tanium forgings f o r  the % pressure vessel  and the  Inconel 718 forgings 

f o r  t h e  O2 pressure vessels have caused all present forgings t o  be re- 

jected.  
which on one Inconel tank extended through the  en t i r e  thickness of the  
pressure vessel  w a l l .  
forging vendor with a much improved forging process. 
found on the  3Al, 2.3 Sn (ELI)  titanium material  being used f o r  t he  H2 
pressure vessels.  
t h e  material  above 73 percent of ye i ld  a t  proof pressures. 
e rmces  have also been increased i n  order t o  reduce machining re jec t ion  
r a t e s  which have been an estimated 75 percent. 
H2 tanks have been fabricated from the  "old" forgings. 

f i l l ,  standby, and heat leak are being conducted. 

fabr icated t o  date.  
vaged t o  make H2 and O2 tanks f o r  bo i le rp la te  1 4  and AFRM 006 which do 

not require storage of cryogenic gases. 

The main problem has been extremely large material  grain s izes  

T i t an immate r i a l  has been ordered from a new 
A "creep" has been 

Wall thickness has been increased t o  prevent s t ress ing  
Machine to l -  

Two engineering model 
Tests such as 

No O2 tanks have been 

Sufficient pressure vessel  forgings have been sal- 

Communications System 

The Collins Radio Co. def ini t ive contract covering the CM comuni- 
cat ion equipment was reviewed by MSC and returned f o r  appropriate action. 
The contract did not completely define the requirements fo r  the  negotiated 
do l l a r  amount. 

Radcom-Ehertron, Inc. has stopped work on the C-band antenna pending 
completion of contract re-negotiations resul t ing from re-definit ion of 
thermal design and t e s t ing  requirements. 
a delivery problem. 

This i s  not expected t o  become 
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l'he l e t t e r  coritract f c ~ r  t he  Up-Data L i n k  was sent t o  Motorola, Inc. 
and thei.r exceptions h w e  been resolved. 
American Aviation, inc.  i n  which design d e t a i l s  were discussed with 
Motorola, Inc . 

A meeting w a s  held at North 

Li t ton industr ies ,  Inc.  has been awarded a contract t o  develop an 
e l ec t ros t a t i ca l ly  focused klystron f o r  a backup t o  the  Hughes Aircraf t  
Co. t ravel ing wave tdbe. F i r s t  de l ive iy  i s  expected i n  November 1963. 
Upon receipt,  Collins Radio Company w i l l  begin design of an S-band power 
miplif i e r  using the  klystron. 

 he PAM/WI/FM telemetry system for boi le rp la te  14, A.Ru 006, AFRM 008 
and AFRM 009 to be used fo r  f l i g h t  qua l i f ica t ion  measurenerits w i l l  be 
NASA furnished. 

Collins Ra.d.io Co. PEW has been f.'ully implemented including the  
second t i e r  subcontractor networks. .Although negative s lack i s  being 
cur ren t ly  reported, based on mS-3 schedules, e f fo r t  t o  reduce or  elimi- 
nate fur ther  slippr24e i s  a major Collins Radio Co. manqement objective.  

To bet,ter naiagc the par t s  procurement s i tua t ion ,  Collins Radio Co. 
has w r i t t e n  a computer program fcJr i-ts purchased and fabricated pa r t s  
inventory and accomting system. 

The conmimication ax1 d a t s  system development s t a tus  i s  as follows : 

S-band power m t p l i f i c ~ . -  M o d e l  E-l ( f i rs t  engineering model) i s  com- 
p l e t e  ard i s  undergoing t e s t s .  

VHF recovery beacon.- Aiyroxi.mntely 50 percent, of the  E model pa r t s  
are a t  Collin; Radio Co,, atid cons- t r*uc t ic~~i  of' E-1 is i l l  process. 

Pre-modulation processor .- Breadboard tes t s  a re  complete, and E 
model construction i s  %xi process. 

Audio center .- Model E-1 i s  compl.ete, has undergone some pre-quali- 
f i c a t i o n  t e s t s ,  i s  being used t o  check out the system tes t  and main- 
tenance k n i t  (STNJ) and t o  verifjr t h e  checkout procedures. 
f o r  model E-2 are at Collins Iindio Company. 

A l l  t he  pa r t s  

V€F/AM tranceLvt~r',- blodels E-1 and E-2 are complete except f o r  pa r t s  
shortages.  

E?-transceiver.- ?lode1 E-1 i s  conpleted and i s  being checked out .  
I t s  associated STMU i s  corcplete and being used w i t h  E-1. 
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E-2 and E-3 are  being assembled. 
undergoing t e s t .  

The C-band STMU i s  complete and i s  

Pulse code modulation telemetry.- Model E-1 i s  complete and i s  under- 
going t e s t .  

Unified S-band equipment.- Assembly of E-1 and E-2 i s  well  under 
way,  and E-3 assembly has begun. Tests a re  continuing on the  breadboard 
to- reduce a few remaining problems. 

vHF/FM transmit ter . -  Models E - l a n d  E-2 are  complete and undergoing 
bench t e s t s .  

VHF multiplexer.- Model E - lhas  been delivered t o  North American 
Aviation, Inc. for  engineering t e s t s .  Model E-2 i s  nearing completior,. 

Ground support equipment (GSE) .- Development models of the  c r y s t a l  
control led s igna l  generator, the S-band phase-lock receiver and a l l  
STMU’S except t h e  pre-modulation processor a re  complete and undergoing 
t e s t s .  

Earth Landing System 

The f i f t h  t e s t  w i t h  boi lerplate  3 was conducted September 6, 1963. 
This t e s t  was a repeat of conditions previously run, but without s t rakes  
and forward heat shield simulating the  new boi le rp la te  6 configuration 
and tower f l a p  concept. 
pairable .  Sat isfactory recovery of boi le rp la te  3 w a s  not achieved due 
t o  damage of t he  main parachute harness assembly with resu l t ing  s t ruc tu ra l  
f a i l u r e  allowing two of t he  main parachutes t o  separate from the vehicle.  
Damage of t he  main harness is  a t t r ibu ted  t o  s t ruc tu ra l  degradation of 
t h e  upper harness legs  by the  main parachute disconnect and abrasion over 
t h e  vehicle s t ruc ture  i n  the gusset areas while a t  apex forward angles 
of a t tack.  
i n g  p r io r  t o  t e s t i n g  boi lerplate  6. 

The vehicle was not recovered and i s  not re- 

Boilerplate 19 w i l l  be used t o  complete the constraint  t e s t -  

The boi le rp la te  6 and t h e  boi le rp la te  19 parachute systems d i f f e r  
A r i g i d  yoke replacing the harness system from the  spacecraft  system. 

was  i n  design a t  North American Aviation, Inc. p r io r  t o  t h e  bo i l e rp l a t e  3 
drop. The r i g i d  yoke w i l l  a l leviate  many of t h e  d i f f i c u l t i e s  experienced 
with bo i l e rp l a t e  3 .  
a l s o  been m e  tu tiis “Uilcrphtte 19 m d  bni-lerplate 6 sequence control- 
lers t o  achieve a more favorable CM a t t i t u d e  at  p i l o t  chute deployment. 

A t -Mng  change f o r  drogue parachute yelease has 

Two simultaneous-deployed drogue parachutes are  being incorporated 
i n  the  spacecraft  system -bo increase r e l i a b i l i t y .  
vehicle  (Prv) drops were made a t  E l  Centro, California t o  assure feas i -  
b i l i t y  of t h i s  configuration. Both drops were successful, and the  dual 

Two parachute-test- 



22 

drogue concept appears t o  be feas ib le .  

Due t o  t he  poor c lus t e r  performance of the  t r i c o n i c a l  s o l i d  parachute 
experienced i n  t h e  t e s t s  at E l  Centro, California, t he  Pioneer so l id  para- 
chute program has been canceled. 

A m a i n  parachute wind tunnel t e s t  has been i n i t i a t e d  at Ames Research 
Center. The objective of t h i s  test, i s  t o  gain basic  knowledge of the  
clustered parachute i n f l a t i o n  charac te r i s t ics  which will a id  i n  the  re- 
duction o r  elimination of t he  aerodynamic interference e f f ec t s  i n  the  
present A p o l l o  system. Elimination of interference w i l l  r e s u l t  i n  a re- 
duced parachute weight and provide a system with more predictable inf la -  
tiel? charac te r i s t ics .  

Eight impact t e s t s  were conducted on hard-packed s o i l  during t h i s  

The las t  t e s t  with bo i l e rp l a t e  1 w a s  at a 
report ing period. A l l  of these were conducted with t h e  nominal p i t ch  
a t t i t u d e  of -30" at impact. 
horizontal  veloci ty  of 51 fps  and a r o l l  angle of 70". 
f i r s t  t es t  a t  t h i s  high horizontal  veloci ty .  
attenuatior,  s t r u t s  bottomed. 
conditions not yet  t e s t ed  by computer analysis have shown t h a t  f o r  hard- 
packed s o i l  impacts, a probabi l i ty  of 0.9968 exists for  not exceeding 
nominal l i m i t s  corresponding t o  0.9994 f o r  not exceeding emergency l i m i t s .  
These resu l t s  were obtained by using graduated core s t i f f n e s s  which re- 
s u l t s  i n  several l eve l s  of crew accelerat ion during t h e  s t roke of the  
various shock struts with consideration given t o  the  combinations of E: 
l eve l s  occurring simultaneously i n  the d i f f e ren t  axes. 

This w a s  t he  
None of t he  crew couch 

Preliminary drop tes t  r e s u l t s  extended t o  

Significant areas t o  be defined include cor re la t ion  of t e s t  r e s u l t s  
with airfrmie resu l t s ,  s t ruc tu ra l  c r i t e r i a  based on t e s t ,  and f l o t a t i o n  
charac te r i s t ics  under appropriate sea s t a t e  conditions.  

Di f f icu l t ies  i n  developing spacecraft  car t r idges for  t h e  drogue and 
p i l o t  mortars caused slippage of bo i le rp la te  6 f l i g h t .  
are i n  a high reaction load on the  p i l o t  mortar and debr i s  from the  car t -  
r idge end closures. Interim car t r idges will be used on the boi le rp la te  6 
f l i g h t  i n  October 1963. 

Principal  problems 

The drogue disconnect f a i l e d  on drop No. 4 of boi le rp la te  3 .  Main 
parachute deployment and recovery were normal. 
a t t r i bu ted  t o  an excessive w a l l  thickness of t h e  detonator; t h i s  i s  being 
corrected.  

The f a i l u r e  has been 

e- 

T?ie main parachute disconnect i s  being completely redesigned i n  con- 
The old disconnect has been deleted f'roni junction with the  r i g i d  yoke. 

all applications. 
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Configuration of the  Earth Landing System i s  shown i n  f igure  8. 

Pyrotechnics 

Solutions t o  most of the  problems i n  development of the  Apollo stan- 
dard i n i t i a t o r  have been found. 
s e n s i t i v i t y  t o  s t a t i c  e l e c t r i c a l  discharge. To da te  about 60 tes ts  have 
been made at voltages between 2,000 and 9,000 v o l t s  after other problems 
w i t h  instrumentation were solved. Several possible  f i x e s  are being stud- 
i ed  and w i l l  be incorporated into ea r ly  l o t s .  

The pr inc ipa l  problem remaining is  the  

It has been determined t h a t  t he  Apollo standard detonator has ex- 
cessive w d l  thickness which prevents r e l i a b l e  detonation of l i n e a r  shaped 
charges. A thin-walled detonator i s  now on procurement. 

North American Aviation, Inc. has been requested t o  es tabl ish,  i n  
i t s  da t a  center  ac t iv i ty ,  complete t r a c e a b i l i t y  of all i n i t i a t o r s  from 
manufacture t o  f i n a l  f i r i n g  and t o  provide f o r  complete da t a  acquis i t ion 
on a l l  i n i t i a t o r  f i r i n g s .  

Development of the dual separation mode explosive b o l t  f o r  CM t o  

The re- 
launch escape tower separation was begun t h i s  quarter .  One separation 
i s  accomplished by an i n t e r n a l  explosive charge i n  t h e  bo l t .  
dundant separat ion mode consists of cu t t ing  a f l a t t ened  portion of t he  
b o l t  with l i n e a r  shaped charge. 

Heat Shield 

Di f f e ren t i a l  thermal motion between the  forward heat sh ie ld  and t h e  

Warping of t he  cone may r e s u l t  i n  gaps 
crew compartment heat sh ie ld  has been minimized by redesign of t he  at tach-  
ment of the forward heat shield.  
and i s  under de t a i l ed  evaluation. The j o i n t  between the  crew compartment 
heat sh ie ld  and the  aft  heat shield f o r  the spacecraft  now under contract  
i s  being designed t o  a c r i t e r i a  compatible with an ea r th  o rb i t  rdssion. 
Further development of t h i s  j o i n t  i s  required f o r  the lunar  mission and 
has been started by the  AVCO Corporation. 

The "gun" nethod of f i l l i n g  t h e  honeycomb core with 5026-39 has been 

The e f f e c t  on the heat sh ie ld  weight 
adopted as the  fabr ica t ion  technique. 
s l i g h t  decrease i n  ablator  density. 
has not been evaluated at t h i s  time. 

This  process w i l l  r e s u l t  i n  a 

Revised heating r a t e s  due t o  increased CM weight have caused t h e  
design release date  of the  AFM 009 heat sh i e ld  t o  be rescheduled from 
October 24, 1963, t o  December 12, 1963, w i t h  no s igni f icant  e f f ec t  on 
North American Aviation, Inc., Master Development Schedule No. 7. 
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An analyt ical  and experimental e f fo r t  i s  under way t o  define t h e  
thermal s t resses  induced i n  the  cold soak condition and t o  define a 
sa t i s fac tory  design cri teria f o r  t h i s  s i tua t ion .  

Adapter 

The Saturn I B  and V spacecraft  adapter configuration has been estab- 
l ished as a t r u n c a t e d  cone 343 inches i n  length. 
are  located such t h a t  LZN s t a t i o n  200 corresponds t o  spacecraft  s t a t i o n  
600. 
t he  service propulsion engine b e l l  and between the  LT3M landing gear and 
the  S-IVB instrument un i t .  

The LEM support points 

This configuration allows adequate clearance between the  LEM and 

The C-1 adapter separation system has been designed. Two circumfer- 
e n t i a l  cuts w i l l  be made  by l i n e a r  shaped charge -- on t h e  sp l i ce  p l a t e  
at the  top  of the adapter and on the sandwich at t h e  bottom. Four long- 
i t u d i n a l  cuts w i l l  be m a d e .  I n i t i a l  tests are i n  process. 

LUNAR EXCURSION MODuLF1 

The LEM is  t h e  space vehicle  f o r  t r ans fe r r ing  t w o  of the  three  
Apollo crew members and t h e i r  payload from the  CM i n  lunar  o r b i t  t o  
the  lunar  surface and then returning them t o  t h e  CM. Included i n  t h i s  
operation are t h e  functions of separation from t h e  CM, lunar  descent, 
lunar  landing, ascent, and rendezvous and docking with the  CM. Figure 9 
i l lus t ra tes  t h e  LEM configuration. 

LEM Structure  

The LEM will be supported i n  t h e  spacecraf t  adapter by means of t h e  
This support method s impl i f ies  f ixed t r u s s  portion of the  landing gear. 

t he  LEN-SIVB separat ion system by allowing t h e  lower port ion of the  a d a p  
t e r  below the a t t ach  points t o  remain with the  S-IVB after separation. 

The extendible boom concept of m o d u l e  docking w a s  selected as t h e  
A l l  systems which are dependent on a docking concept design approach, 

w i l l  be configured t o  t h i s  design approach. 

G r m a n  Ai rcraf t  Engineering Corp. and North American Aviation, 
Inc.  have determined t h a t  t he  first bending mode frequency of t h e  docked 
CM and LEM i s  on t h e  order of 20 radians per  second. North American 
Aviation, Inc. has determined t h a t  40 radians/second i s  desired t o  pre- 
vent coupling with t h e  t h r u s t  vector cont ro l  system of the  SM. Grumian 
Ai rc ra f t  Engineering Corp. i s  studying LEM weight e f f e c t s  f o r  increasing 
the  frequency t o  the  40 radians/second. 



The descent engine w i l l  be designed t o  a l l o w  crushing of t he  engine 
s k i r t  i n  more adverse landing conditions. Clearance w i l l  be provided 
f o r  the  lower surface of the  descent stage when all gears a re  f u l l y  
compressed and the  engine i s  positioned over a 24 inch high obstruction. 

Proposals have been received by G r m a n  Aircraf t  
f o r  design, manufacture, and qual i f icat ion t e s t i n g  of 
propellant tanks. The proposals have been evaluated, 
mendation has been forwarded t o  MSC. 

Landing G e a r  

The present lunar  landing gear i s  conceived as a 
a l loy  truss s t ruc ture  with a semi-tread radius of 180 

Engineering Corp. 
the descent s tage 
and t h e i r  recom- 

deployable aluminum 
inches. A n  analy- 

t i c a l  e f f o r t  has been i n i t i a t e d  t o  define the  s t a b i l i t y  limits of t h i s  
gear configuration by varying those  fac tors  which primarily a f f ec t  sta- 
b i l i t y ;  such as lunar  slope, touchdown veloci ty  and direct ion,  and 
e f f e c t s  of s o i l s  mechanics. This ana ly t ica l  program w i l l  d i r e c t l y  sup- 

port  the  1 scale  model and f u l l  scale  drop t e s t  programs. 

1 The LE24 sca le  model design and t e s t  program w a s  reviewed w i t h  

representat ives  from Langley Research Center and MSC. Agreement was 
reached f o r  G r m a n  Aircraf t  Engineering Corp. t o  proceed with drawing 
re lease  of the No. 2 model and was requested t o  submit a preliminary 

contract  change proposal t o  furnish two additional. $ models for t e s t s  

by Langley Researcn Center Dynamic Loads Oivisiori m d  by IEC SEDI!. 

The LF51 adapter support requirements and locat ion were determined 

I f  required a t  a l a t e r  date, using the  same support points, t h e  
using the  landing gear envelope required f o r  a 180 inch r a d i a l  fo ld  
gear .  
LEN adapter support has t h e  capabi l i ty  t o  go t o  a 200 inch radius gear. 

Crew Provisions 

It has been established that a stand-up posi t ion f o r  t he  crew at 
both s t a t ions  i s  feas ib le  considering the  s m a l l  load fac tors  associated 
wi th  the  LEM mission. The arrangement permits a s igni f icant  weight re- 
duction, more e f f i c i e n t  use of cabin volume, and improves crew v i s i b i l i t y  
and mobility a t  the  s t a t ion .  
p l i f i e d  support-restraint  system i s  b e i ~ g  desigiied. 

The concept has been approved and a sim- 

Food and f i rs t  a id  equipment as developed f o r  CM u t i l i z a t i o n  has 
long been recognized as LEM c m o n  usage items. bplementation of t h i s  
object ive with t h e  CFE: introduces a number of development, procurement, 
and delivery complications. The objective i s  much Eore readi ly  achieved 
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with the  GFE: via North American Aviation, Inc.  i n  t h a t  t he  suppl ier  of 
the  items i s  responsible t o  a s ingle  contractor, so le  source ju s t i f i ca -  
t i o n  i s  eliminated and operationally provisioning of the spacecraft  i s  
simplified.  This then i s  the  preferred and now directed technical  ap- 
proach. 

An i n i t i a l  conference between LEM contractor and Wright-Patterson 
AFT3 personnel has been held t o  familarize G r u m m a n  Ai rcraf t  Engineering 
Corp. with f a c i l i t i e s ,  capabi l i t i es ,  procedures and previous e f f o r t  i n  
zero "G" tes t ing.  Lines of comunications were establ ished and the  pre- 
l iminaries  t o  ac tua l  t es t  planning were completed. 

A se r ies  of hel icopter  f l i g h t s  conducted by MSC Fl ight  Crew Opera- 
t i ons  Division a t  t he  request of t he  Apollo Spacecraft Project Office t o  
explore LEM window requirements has been completed. 
t he  da ta  yield be recognized as an indicator  only, since tes t  procedures 
could not include all face t s  of t he  problem. 
t h a t  t h e  current L8M window geometry i s  adequate f o r  pursuing i n t o  a 
detai l  design and more extensive evaluation. 
i n  t h i s  area t o  achieve an understanding of t h e  crew's capabi l i t i es  i n  
an unf m i l i a r  environment. 

It i s  important t h a t  

The r e s u l t s  d id  ind ica te  

Adclitional work i s  required 

Gnunman Aircraf t  Engineering Corp. was asked t o  explore the  feasi- 
b i l i t y  of the LEM crew assuming a standing pos i t ion  during f l i g h t  as 
opposed t o  conventional seat ing.  The objectives were t o  improve v i s i -  
b i l i t y ,  mobility i n  cabin, ingress/egress at crew s t a t ion  and reduca 
weight. G r m a n  Ai rcraf t  Engineering Corp. has ve r i f i ed  t h a t  t he  con- 
cept i s  sound. 
t he  September 17, 1963 mock-up review. 

They depicted a preliminary hardware configuration during 

The computer program current ly  being employed by Gnumnan Aircraf t  
Engineering Corp. f o r  crew t a sk  analysis  i s  l imi ted  i n  scope t o  the 
nominal mission. Assessing mission contingency e f f ec t s  on crew dut ies  
i s  required and it is  f e l t  the  computer program can be extended t o  in- 
clude t h i s  capabi l i ty .  
asked t o  determine the  e f f o r t  required t o  do t h i s .  

Crumman Aircraf t  Engineering Corp. has been 

The present locat ion of t he  RCS t h r u s t e r s  places them i n  the  v i s u a l  
f i e l d  of the crew. 
and creates  no v isua l  interference.  The thrus te rs ,  however, flow with 
su f f i c i en t  brightness t o  destroy the crew's dark ada.ptation and must, 
therefore,  be shielded. 

During th rus t e r  f i r i ng ,  t h e  plume i s  transparent 

A s  s ta ted i n  the  s m q ,  a formal review of the  Grumman Aircraf t  
Engineering Corp. M - 1  mock-up was held on September 16, 17, and 18, 1965 
by NASA personnel. 
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A t o t a l  of 33 ch i t s  were submitted during t h e  review, l l  of which 
O f  t h e  remaining ch i t s ,  t h e  review board made the  

16 required Gnumnan Aircraf t  Engineering Corp. 
were duplications.  
following disposi t ion:  
compliance, 2 required MSC review and response, 1 required a Grwmnan 
Ai rcraf t  Engineering Corp. review and response, and 3 were disapproved. 
A de ta i led  board report  i s  being prepared f o r  submittal  t o  Gnumnan 
Aircraf t  Engineering Corp. with recommended act ion.  

Environmental Control System 

Hamilton Standard Division of United Aircraf t  Corporation w a s  
authorized by Grwmnan Aircraf t  Engineering Corp. t o  proceed on July 22, 
1963, i n  accordance with agreements reached i n  negotiations f o r  a CPIF 
subcontract f o r  t h e  LEM ECS. Design control  spec i f ica t ion  LSP 330-2A, 
dated August 2, 1963, es tabl ishes  t h e  requirements f o r  those sect ions 
of t h e  ECS t o  be supplied by Hamilton Standard Division. 

Preliminary design s tudies  ind ica te  t h a t  t h e  LFM s u i t  c i r c u i t  corn- 
pressor  could be designed t o  allow physical interchangeabi l i ty  with the  
CM compressor. However, Gnumnan Aircraf t  Engineering Corp. does not 
recommend changing t h e  present r a d i a l  flow design t o  the  ax ia l  flow de- 
s i g n  required t o  allow interchangeabili ty because of t h e  power increase 
associated with t h e  l e s s e r  eff ic iency of the  a x i a l  flow design. 
concurred with t h i s  r ecmenda t ion .  

MSC 

Guidance and Navigation 

Radical telescope changes by MIT with a resulting change by Grwmnan 
Aircraft Engineering Corporation of some LEN operating concepts have 
occurred and Grwmnan Aircraf t  Engineering Corporation i s  evaluating the  
impact. 

Statements of Work for LF51 guidance and navigation concept design 
Technical direct ives  covering most of t he  work have w e r e  agreed upon. 

been received by the  contractors.  

LEM guidance and navigation System requirements and del ivery sche- 
dules  were provided t o  A.C. Spark Plug, Raytheon Corporation and Kolls- 
man Instrument Co. These w i l l  be used as a bas i s  for bids f o r  LEM devel- 
opment and hardware. 

The LEI4 guidance and navigation hardware procurement plan i s  as yet  
unapproved by NASA Headquarters. 

A s t u d y  replacing the  rendezvous X-band radar  on t h e  LEN and CSM 
with a unif ied S-band system has been i n i t i a t e d .  
at t h i s  point seem t o  be t h e  angle accuracy avai lable  from S-bad  

The primary questions 
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interferometer antenna and the  re f rac t ion  ir, t h e  rocket plume. 

S tab i l iza t ion  and Control System 

A meeting w a s  held with Grumman Aircraft  Engineering Corporation 
t o  discuss mechanization problems of the  a t t i t u d e  display. Two approaches 
t h a t  appear f eas ib l e  a re  transformation of a t t i t u d e  reference gimbal order 
for  display, and 90" ro ta t ion  of the  a t t i t u d e  display instrument i n  LEM. 
The f i r s t  method requires  considerable complexity i n  the  reference dis-  
play interface.  
Stxdies are  continuing toward resolut ion of t h i s  display.  

The second method may create  crew t r a in ing  problems. 

The control e lectronics  funct ional  descr ipt ion document, LMO 300-33, 
w a s  reviewed with Grumman Aircraf t  Engineering Corporation. 
agreement was made with respect t o  t h e  design approach. 
t i o n  w i l l  be required p r io r  t o  spec i f ica t ion  approvals. 

General 
Further def ini-  

The th rus t  vector  control  report ,  LED 290-2, was reviewed and com- 
ments transmitted t o  Grumman Aircraf t  Engineering Corporation. 

Representatives of STD, ASP0 and Grumman Aircraf t  Engineering 
Corporation attended a meeting held at, Grwnman Aircraf t  Engineering 
Corporation t o  review react ion j e t  modulation techniques. 
e r a l l y  concluded t h a t  t h e  pulse r a t i o  modulation (PRM) approach i s  most 
desirable  for the  LEM/SCS. 
mented. 

It w a s  gen- 

A non-linear PRM technique i s  being imple- 

Dif f icu l t ies  have been experienced i n  implementing common usage of 
Gnm~ian Aircraft  Engineering Corporation has ro ta t ion  hand cont ro l le r .  

been requested t o  implement t h e  Gemini type ro t a t ion  cont ro l le r  and t o  
work closely with North American Aviation, Inc.  so t h a t  a maximum of 
design commonality can be achieved. 

A meeting was held a t  Minneapolis-Honeywell Regulator Co. with per- 
sonnel from t h e  following contractors:  

1. Grumman Ai rcraf t  Engineering Corporation 
2. North American Aviation, Inc.  
3 .  Minneapolis-Honeywell Regulator Company 
4. ASP0 

The purpose of the meeting w a s  t o  provide Grumman Aircraf t  Engineering 
Corporation with d e t a i l  information of 0 4 / 3 4  j e t  dr ivers  and demodulators 
f o r  common u s  age implement at ion. 

The revised PERT network w a s  reviewed p r i o r  t o  formal submittal  t o  
MSC. The network has been s igni f icant ly  improved over the  previous issue, 
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although some assemblies of the SCS are  yet t o  be added, 

Grumman Aircraft  Engineering Corporation has been given direct ion 
t o  prepare separate specifications f o r  the  SCS and RCS; they have been 
considering integrating requirements i n t o  a single f l i g h t  control sys- 
t em specification. 

The functional description document f o r  the  back-up guidance sec- 
t i o n  i s  being reviewed within MSC. 
erence assembly (=) procurement specif icat ion f o r  MSC review have been 
unsuccessful. Grunrman Aircraf t  Engineering Corporation has s ta ted  the 
specif icat ion w i l l  not be released t o  MSC u n t i l  the  camplete vendor re- 
quirements document i s  released fo r  bids.  

Effor ts  t o  obtain the a t t i t ude  ref-  

Reaction Control System 

The primary e f fo r t s  dur ingthe  past quarter have involved def in i t ion  
of component perf omance characterist ics,  preparation of procurement 
specifications,  and i n i t i a t i o n  of development t e s t ing  on the helium 
pressurization system. Subsequent t o  the  last report ,  the  decision w a s  
made t o  combine the  RCS and main propulsion breadboard system t e s t  areas 
at Grumman Aircraf t  Engineering Corporation, resul t ing i n  a scheduled 
date  of November 1, 1963, f o r  s ta r t ing  RCS cold flow Breadboard tes t ing .  
This schedule r e f l ec t s  a delay of approximately eight weeks, which w i l l  
be p a r t i a l l y  compensated fo r  by increased emphasis on the helium blow- 
d a m  r i g  t e s t s .  

Fabrication of the  helium blow-dam r i g  has been completed, and de- 
l i ve ry  of the i n i t i a l  "workl\orse" com9onents began i n  late September 1963. 
The workhorse components are heavyweight, off-the-shelf items f o r  use i n  
verifying the  subsystem design approach and the  required component per- 
formance requirements. Testing with these components w i l l  begin the  f irst  
week of October 1963. 
individual component performance character is t ics  a f t e r  start of bread- 
board tes t ing .  

The blow-down r i g  w i l l  continue i n  use t o  resolve 

Subcontract arrangements between Gnumnan Aircraf t  Engineering Corp. 
and Marquardt Corporation f o r  the engine c lus te r  assembly and control 
valves were completed i n  mid-July 1963. 
e f f o r t s  at t h i s  t i m e  include def ini t ion of thermal control design require- 
ments f o r  the c lus te r  and activation of t e s t  ce l l s  f o r  c lus te r  develop- 
ment and hot f i r i n g  breadboard system tes t ing .  The development s ta tus  
of the common use RCS ergiiie is rcpor ted l,n,c?er the  SM reaction system. 

Marguardt Corporation's major 

Preparation of procurement specifications f o r  f l i g h t  weight pres- 
sur izat ion system components i s  approximately f i f t y  percent complete. 
The specifications f o r  the longest lead time items, tanks and quantity 



gaging are  i n  f i n a l  review as of t he  date of t h i s  report .  
c r a f t  Engineering Corp.'s procurement action of these components w i l l  be 
delayed by twelve t o  f i f t e e n  weeks as a result of underestimating t h e  
t i m e  required t o  prepare and process t h e  specifications.  
not jeopardize the  subsystem qual i f ica t ion  schedule, although it w i l l  
r e s u l t  i n  curtailment of subsystem t e s t i n g  with f l i g h t  weight components 
p r io r  t o  entering the  design ve r i f i ca t ion  t e s t  phase. 
t i o n  tes t ing  i s  an interim phase designed t o  assure t h a t  t he  RCS i s  
ready f o r  integrated t e s t ing  with the  ascent propulsion subsystem. 

G W  Air- 

This delay does 

Design ver i f ica-  

Plans f o r  t h e  next quarter include completion of procurement speci- 
f ica t ions ,  blow-down r i g  and cold flow breadboard t e s t i n g  at Grumman 
Aircraf t  Engineering Corp., c lu s t e r  development t e s t i n g  at Marquardt 
Corporation, and hydrodynamic and thermal analysis  of t h e  subsystem. 

Propulsion System 

General.- Ascent stage heavyweight r i g  HA-1 has the  propellant tanks 
i n s t a l l e d  and i s  being plumbed with off-the-shelf components. The des- 
cent s tage heavyweight; r i g  HD-1 i s  i n  manufacturing with tanks and com- 
ponents not ye t  available. 

Grurrrman Aircraf t  Engineering Corp. i s  awaiting del ivery of Plexiglas 
tanks f o r  the s losh r i g  tests.  
fabr icat ion,  and then were fur ther  delayed due t o  unavai labi l i ty  of a 
su i tab le  Plexiglas material. 

These tanks were redesigned f o r  ease of 

Descent Propulsion.- G n m a n  Aircraf t  Engineering Corp. has completed 
negotiations with Space Technology Laboratory (STL) fo r  deve lopent  of the  
mechanically t h r o t t l e d  LEM descent engine. A go-ahead w a s  given t o  STL 
t o  begin work i n  ea r ly  Ju ly  1963. 
pound thrus t  engine t o  invest igate  design parameters f o r  the  t h r o t t l i n g  
in jec tor .  Firings are also being m a d e  on a t h r u s t  chamber with a one 
inch throa t  for t h e  proposed materials evaluation. A t o t a l  of 65 tests 
are planned on t h i s  th rus t  chamber, of which 43 tes ts  have been completed. 
The f i r s t  f i r i ng  of a 10,300 pound workhorse th rus t  chamber and in j ec to r  
was made on September 21, 1963. 

Firings are being conducted on a 3,000 

Workhorse chamber, in jec tor  and propellant valve drawings were re- 
leased by Rocketdyne Division, and the  f i r s t  workhorse thrus t  chamber 
and in jec tor  tes t  was accomplished. 
chamber designed f o r  1,000 seconds l i f e  and a modified Nomad in j ec to r  
with a film cooled, h i g h  performance showerhead pat tern.  Additional 
f i r i ngs  were made with fur ther  modifications t o  the  in jec tor .  

This tes t  u t i l i z e d  an ablat ive 

.- ' 

II- 

Ascent Propulsion.- Grwmnan Aircraf t  Engineering Corporation issued 
a development go-ahead t o  Re11 Aerosystems Company on July 3 ,  1965, for 



the  f ixed th rus t  ascent engine. B e l l  Aerosystems Company i s  current ly  
conducting parametric s tudies  of engine operating cha rac t e r i s t i c s  u t i l i -  
zing a 3,000 pound th rus t  engine, An ablat ive mater ia ls  evaluation i s  
being conducted on chambers supplied by AVCO Corp., HITCO, and TAPCO, 
using a modified Agena in jec tor .  A s  of the  date  of t h i s  report ,  four  
fir iLags each have been made on the AVCO Corp. and HITCO chambers. 
l y s i s  of t es t  da t a  has not been completed. 

Ana- 

Following completion of studies by Grurmnan Aircraf t  Engineering 
Corp. and MSC, G ~ x m m n  Aircraf t  Engineering Corp. w a s  d i rec ted  t o  pursue 
the  ab la t ive  nozzle extension as t h e  primary design approach. MSC 
s tud ies  indicate  t h a t  t he  ab la t ive  nozzle extension represents  t h e  most 
r e l i a b l e  and least complex design f o r  the ascent engine. 
s ign  e f f o r t  on the  radiat ion cooled ekuension w i l l  be continued as a 
poten t ia l  weight savings program 

Limited de- 

Communications Subsystem 

GrwPnan Aircraf t  Engineering Corp. released t h e  communications sub- 
system vendor requirements package (VRP) - l e s s  the  VHF antennas and t h e  
S-band omni antenna - t o  Radio Corporation of Anerica on August 20, 1963. 
Expected vendors are: 

TV cameras - Radio Corporation of America 
S-band diplexer - Rantec 
S-band transponder - Motorola, Inc.  
S-band power amplifier - Raytheon Co. 
S-band s teerable  an tema  - Possible common usage (Avien) 
S-band erectable  - Unknown 
Audio center - Colliris Radio Co. 
Be-modulation processor - Collins Radio Co. 
V I S  t ransceiver  - Proba3ly Radio Corporation of America 
VHF diplexer - F’robably Radio Corporation of America 

Radio Corporation of America’s proposal i s  expected by October 15, 
l g b j  and negotiations are expected t o  begin by October 22, 1963, with 
contract  go-ahead expected by Ijovem’ner 1.9, 1963. 
&er ica  has already contracted t h e  vendors shown above f o r  proposals. 
1.132 has subrriitted i t s  cornems t o  Grunanan Aircra-ft Engineering Corp. on 
t h i s  ZiEiP. 

Radio Corporation of 

A study is presently ~ r x & ~ : ~ r  tc! ?et.ermine the  optimwx low-level 
n~ IS sensor f o r  use on the  lunar surface.  The two leading contenders at 
t n i s  tirile are Radio Corporatio2 of America’s image i n t e n s i f i e r  - vidicon 
cornbinatior, and I;estinghouse Electr ic  Co. ’ j secondazy emission cofiduc- 
t i v i t y  (SEC) tube.  A 
decision w i l l  be rade on which tube Grumian Aircraf t  Engineering Co. 

The SEC tc-be i s  presentljj the  Kore desirable .  



w i l l  specify by October 20, 1963. 
1 Grumman Aircraf t  Engineering Co. i s  currently conducting 10 scale 

LEM model VHF' antenna pat tern s tudies  i n  order t o  optimize the LF51 VHF 
antenna configuration. 

2 scale  LEM model. 

Gnuman Aircraf t  Engineering Corp. has been directed t o  implement 
M I L - I - ~ ~ ~ O O  with a n  MSC modification as t h e  LF51 electromagnetic in te r -  
ference (m) specif icat ion.  Grurmnan Ai rcraf t  Engineering Corp. i s  
expected t o  request cer ta in  minor changes t o  t h i s  specif icat ion.  
Gmman Aircraft  Engineering Corp.'s ENI t es t  plan has been reviewed 
by the LElM Engineering Office and found t o  be sa t i s fac tory  at t h i s  time, 
pending fur ther  developent  and elaboration. 

S-band s tudies  are  awaiting completion of a 

An investigation i s  currently underway t o  determine the  f e a s i b i l i t y  
of using the Unified S-band equipment f o r  rendezvous i n  place of t he  
present X-band system. 

Operational Instrumentation Subsystem 

Grumman Aircraf t  Engineering Corp. released the  pulse code modula- 
t i o n  and timing equipment (PCMTE) VRP t o  Radiation, Inc., on August 19, 
1963. Radiation, Inc. submitted a proposal t o  G n u m n a n  Aircraf t  Engine- 
er ing Corp. on September 10, 1963. 
on October 7, 1963 with vendor go-ahead expected by November 4, 1963. 
MSC has submitted i t s  comments t o  G r u ~ n m a n  Ai rcraf t  Engineering Corp. on 
t h i s  VRP. 

Negotiations are expected t o  begin 

Grumman Aircraf t  Engineering Corp. released the  DSE VRP t o  Leach, 
Leach Inc.  i s  expected t o  submit t h e i r  pro- Inc., on August 29, 1963. 

posal t o  Grumman Aircraf t  Engineering Corp. by October 13, 1963, with 
negotiations t o  begin on October 20, 1963. 
by November 21, 1963. 
Engineering Corp. on t h i s  VRP. 

Contract go-ahead i s  expected 
MSC has submitted i t s  comments t o  G r m a n  Aircraf't 

Development of the  instrumentation subsystem PERT i s  progressing a t  
a sat isfactory rate and i s  presently operation&. 
i s  required i n  the  measurement systems fragnets  . Further development 

Francis Associates, Inc., w i l l  complete i t s  LEN e lec t ronics  pack- 
aging study i n  ear ly  October 1963 and will, with Grwmnan Aircraf t  En- 
gineering Corp., present i t s  proposed packaging technique t o  MSC i n  l a t e  
October 1963. There w i l l  be very l i t t l e  i n - f l i gh t  rep laceabi l i ty  of 
par t s  capabili ty i n  e i the r  t h e  LF51 instrumentation or  communications 
subsystems. 

c -  
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Criteria, ground ru les  and requirements of the  LEN s t a t u s  system 
a re  present ly  b e i n g  developed by MSC and Gnumnan Aircraf t  Engineering 
Corp . 

Elec t r ica l  Power S y s t e m  

Power Distribution.- The Gnumnan Aircraf t  Engineering Corp. load 
analysis  of subsystem e l ec t r i ca l  energy requirements indicates  t h a t  
t h e  e l e c t r i c a l  energy required for t h e  complete LEM mission i s  76.32 
KWHRs. Subsystem e l e c t r i c a l  energy requirements are as follows: 

Comunicat ions 
Crew systems 
D i  splays 
Environmental control  
E lec t r i ca l  power 
Instrument a t  ion  
Navigation and guidance 
Propulsion 
Reaction control  
S tab i l iza t ion  and control 

T o t a l  

9.01 KWHR 
1.30 m 
2.44 KWHR 
16.13 m 
14.75 KWHR 
17.41 KWHR 
12.42 KWHF, 
0.07 m 
0.13 m 

76.32 m 
2.86 KWHR 

Revisions t o  subsystem e l e c t r i c a l  energy s ta tus ,  reapportionment 
of control  energy levels ,  and establishmen+, of r e a l i s t i c  e s s e n t i a l  and 
emergency power prof i les  is  dependent upon completion of t h e  LEM weight 
study program and establishment of t h e  new mission p ro f i l e .  A group of 
e l e c t r i c a l  power meetings are planned during iu’overnber 1963 f w  the  pur- 
pose of reviewing subsystem power requirements, and t o  evaluate possible 
methods of reducing power requirements. 

Grwrmzan Aircraf t  Engineering Corp. has completed a preliminary de- 
s ign  of t he  LEM d.c. d i s t r ibu t ion  system, which includes an e s sen t i a l  
buss, a non-essential buss, a control  buss, and a spike buss .  The 
preliminary d i s t r ibu t ion  system provides features  f o r  manual control, 
f o r  i so l a t ing  trouble,  and i s  designed t o  actuate  switches ana breakers 
under out of tolerance conditions include a feeder control  l og ic  c i r -  
cu i t  and a d i s t r ibu t ion  control l og ic  c i r c u i t .  Gi:m-an Aircraf t  En- 
gineering Corp. has reduced the inver te r  study t o  two candidate config- 
urat ions which a re  going through a weight and r e l i a b i l i t y  evaluation. 
One system i s  semi-centralized and consis ts  of two inver te r  types; one 
would be synchronized with the navigation and guidance c l u c k  with shssc 
and frequency synchronization f o r  close tolerance loadz, and t h e  other 
would be synchronized with t h e  instrumen-Lation clock and would supply 
ac loads requiring only frequency synchronization. The second inver te r  
syster.. under consideration i s  decentralized and consis ts  of one inver te r  
type which would supply ac loads requiring only frequency synchronization. 
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A l l  o ther  loads  would be supplied dc power. 
done within systems o r  equipments. 
ant ic ipated by November 15, 1963. 

Power conditioning would be 
Completion of the inver te r  study i s  

The Gnumnan Aircraf t  Engineering Gorp. study of LEN i n t e r i o r  l i gh t -  
i n g  system configuration, and l i gh t ing  pawer and control has been com- 
pleted.  
t inues t o  be electrolumnescent panel l i gh t ing  with floodlighting back-up. 
Selection of i n t e r i o r  l igh t ing  system configuration i s  dependent upon 
inputs from human fac tors  engineers regarding color and brightness, and 
completion of shock and vibrat ion t e s t s  of incandescent lamps. Resolu- 
t i o n  of a l l  i n t e r i o r  l igh t ing  design considerations i s  ant ic ipated by 
t h e  f i rs t  of November 1963. 

The most promising i n t e r i o r  l igh t ing  system configuration con- 

The specif icat ion and vendor requirements f o r  t h e  LEM auxi l ia ry  
ba t te ry  were released on July 29, 1963. 
ceived and are being evaluated. However, completion of evaluation and 
vendor select ion i s  dependent upon MSC review of the  Grwmnan Aircraf t  
Engineering Corp. recommendations f o r  a change t o  a power source con- 
f igura t ion  of two f u e l  c e l l s  supplemented by a,n auxi l ia ry  ba t te ry  system. 

Vendor proposals have been re- 

Power Generation.- G m m m  Aircraf t  Engineering Corp. completed 
contract  negotiations with Pratt and Whitney Aircraf t  fo r  the  develop- 
ment and qualification of a 900 w a t t  f u e l  c e l l  assembly (FCA) f o r  I;EM, 
and delivery of 60 FCA's fo r  ground t e s t i n g  and f l i g h t  vehicles.  Sub- 
sequent t o  MSC review of negotiation results, a l e t t e r  go-ahead w a s  
given t o  Prat t  and IJhitney Aircraft  on September 3,  1963. 

The e l e c t r i c a l  power source f o r  t he  LE24 current ly  consis ts  of 
th ree  FCA's ra ted at 900 watts for  continuous operation. 
oxygen i s  integrated w i t h  the  ECS oxygen i n  a descent stage supe rc r i t i ca l  
cryogenic oxygen (SOX) tank. Reactant oxygen used after lunar launch 
i s  stored i n  a SOX tank i n  t h e  ascent stage.  After  se lec t ion  of the  
P ra t t  and Wiitney Aircraf t  open-cycle f u e l  ce l l ,  a staged hydrogen tank 
configuration was selected which consis ts  of a la rge  supe rc r i t i ca l  
storage vessel i n  the  descent stage and two equal s i ze  tanks i n  t h e  
ascent stage. 

The reactant  

A requiremnt specif icat ion and VRD f o r  t h e  cryogenic tank assem- 
bl ies  were prepared by Grwmnari Aircraf t  Engineering Corp. and released 
f o r  bid on September 9, 1963. 
were received f o r  evpduation September 30, 1963. 

Proposals from potent ia l  tank manufacturers 

.- 
r .  

A weight - r e l i a b i l i t y  trade-off study i s  i n  progress at  Grurmnan 
Aircraf t  Engineering Corp., aimed at  reducing subsystem weight. Eighteen 
candidate corifiguratioris i n  addi t ion t o  t h e  current one are  under con- 
s idera t ion .  These candidates consist  of various combinations of f u e l  



ce l l s ,  staged and unstaged tankage. MSC i s  current ly  reviewing a recom- 
mendation by Grwmnan Aircraf t  Engineering Corp. t o  change t o  a two-fuel 
c e l l  configuration supplemented by an auxi l ia ry  bat tery system. 

Grumman Aircraf t  Engineering Corp. has completed a preliminary test  
plan f o r  the  power generation section (PGS), covering Grumman Aircraft 
Engineering Corp. in-house development, design ver i f ica t ion  and q u a l i -  
f i ca t ion  tes t ing .  This plan develops t h e  tes t  log ic  f o r  in tegra t ion  of 
L;EM t e s t  a r t i c l e  (LTA) and LEM t e s t ing  t o  es tab l i sh  system in t eg r i ty .  

SPACE SUIT' 

The f i r s t  prototype Apollo space s u i t  was  delivered i n  August 1963. 
The following MSC in-house evaluation have been sus tan t ia l ly  completed: 

a. Mobility 

b. Metabolic heat production 

c .  Vision 

d. Operation of secondary protection 

e .  Donning/dof f i n g  

f .  Short term comfort 

g. Physical tests (leakage, overpressure, e t c . )  

The following t e s t s  are planned f o r  October and November 1963: 

a .  Spacecraft rnobility/compatibility t e s t s  i n  CM and LE24 
mockups. 

b. Centrifuge evaluation 

c. Zero-g perforxance (KC-133 f l ights;)  

The Apollo space s u i t  i s  t h e  f i rs t  space s u i t  ever developed which 
has a secondary f u l l  p ress>xe  protection requirement; preliminary evalua- 
t i o n  indicates  sa t i s fac tory  operation of t he  secondary system with some 
degradation of mobility. 

The s u i t  entrance design eliminates the  need f o r  pressure seal ing 
zippers; evaluation iiidicates t h a t  t h e  new closure design w i l l  function 



sa t i s f ac to r i ly .  

During t h e  evaluation, t he  s u i t  had two fa i lu re s  associated with 
r e s t r a i n t  cable attachment; t h e  f a i l u r e s  are  now under study. 

MSC received the  f irst  prototype PLSS on September 23, 1963. 

Design of the  portable l i f e  ba t t e ry  was changed from a 17 vol t ,  
11 c e l l  ba t te ry  t o  a 28 vol t ,  20 c e l l  battery; reason f o r  change w a s  t o  
simplify bat tery charging e q u i p e n t  aboard t h e  spacecraft .  

R AND D INSTRUMENTATION/COMMUNICATIONS SYSTEM 

Command and Service Module 

Government furnished airborne e q u i p e n t  (GFAE) for Apollo boi ler-  
p la tes  6, 12, 13, 23, and 13 have been delivered t o  North American 
Aviation, Inc. Boi lerplate  22 GFAE i s  now undergoing breadboard test- 
ing and i s  scheduled f o r  del ivery t o  North American Aviation, Inc. on 
December 13, 1963. 
t i o n  and i s  scheduled f o r  del ivery .to North American Aviation, Inc. on 
December 27, 1963. 

Boilerplate  18 GFAE i s  undergoing f l i g h t  qual i f ica-  

GFAE i s  now scheduled t o  completely support t he  AFRM 002 and 010 
communications/instrumentation requirements and t o  p a r t i a l l y  support 
bo i l e rp l a t e  14, AFRM 006, AFRM 008, AFRM 00g.and AFRM 011 i n  t h e  area 
of f l i g h t  qual i f icat ion telemetry systems. 

Lunar Excursion Module 

Two measurements meetings for LEN 1 and 2 have been held t o  date  
with the  r e su l t  t h a t  t h e  measurement requirements l i s t  has not ye t  been 
reduced t o  an acceptable l e v e l .  Procurement ac t ion  must proceed immed- 
i a t e l y  t o  avoid possible schedule sl ippages.  
curement action w i l l  be stopped on unnecessary transducers p r i o r  t o  
ac tua l  contract re lease.  

It i s  expected t h a t  pro- 

Preliminary equipment handling procedures and contractor/= work- 
ing relat ionship documents have been drawn up and are now being negotiated 
between t h e  involved pa r t i e s .  

SCIEWIFIC INSTRUMENTATION PAYLOAD 

. 

The primary MSC organization present ly  involved i n  def ini t iz ine;  t h e  
Apollo sc i en t i f i c  payload i s  Space Environment Division. This d iv i s ion  

I ** 
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i s  presently conducting s tudies  t o  determine the  optimum payload f o r  a 
lunar  landing mission and will be instrumental i n  making avai lable  the  
required hardware. 

Present LEN weight, power and volume a l loca t ions  are as follows: 

Ascent Stage (Cabin) 

Specimen re turn  container ( S R C )  - 2 cubic f e e t  
e ighty pounds ( lunar  l i f t o f f  ) 

Cameras - 9" x 8" x 3", 4 pounds 
9" x 7" X 4", 5 pounds 

Des cent Stage 

Sc ien t i f i c  e q u i p e n t  - 1 0  cubic f e e t  
241 pounds 

Twenty-four hundred watt-hours of dc power are al located t o  t h e  
The shape of the SRC i s  present ly  under negotiation s c i e n t i f i c  payload. 

t o  insure i t s  compatibil i ty with both t h e  LFM and CSM. 

CSM space, weight and volume allocations f o r  s c i e n t i f i c  equipment 
w i l l  be made on a per-f l ight ,  as required basis. 

APOLLO SPACECRAFT WEIGHT 

Table I, on t h e  next page, gives t h e  control  weights, the  design 
goal weights, and t h e  s ta tus  and changes of t h e  current  spacecraft  
weights. Deletion of t he  300 pound LES ef fec t ive  weight penalty made 
possible  a 70 pound increase i n  the i n e r t  control  weight o f  the  L;EM 
ascent s tage.  This required increase usable propel lants  i n  the  ascent 
stage (80 pounds), descent stage (180 pounds) and SPS (170 pounds). The 
I;EM design goal  weight w a s  established at 23,000 pounds, 300 pounds over 
t he  previously estimated value. This required 233 pounds of addi t ional  
SPS propel lant .  The U S  ef fec t ive  weight penalty w a s  also deleted from 
the  design goal  and current weight breakdown. 
weignt between ascerlt ai& deszezt s t q e  5s p r e s e ~ t e d  fer t he  f i r s t  t i m e  
i n  t h e  control  and design goal weight breakdowns. 

The d i s t r ibu t ion  of LEM 

Command Module 

The major changes i n  t h e  CM were due t o  t h e  addi t ion of t he  u p d a t a  
l i nk ,  an increase i n  the  nuclear radiation detect ion system, incorpora- 
t i o n  of t he  two point rease i n  s t rake s t ruc ture  

V 



r e su l t i ng  from antenna relocation, s t ruc tu ra l  increases due t o  heat sh ie ld  
s t ruc ture  design f o r  thermal and cold soak conditions, revised controls 
and displays, and addition of RCS propellant dumping provisions. 

Service Module 

The t o t a l  weight change t o  the  SM during t h i s  quarter w a s  an increase 
of s i x t y  pmnds. The major weight increases were due t o  f u e l  c e l l  power 
pack, more de ta i led  evaluation of instrumentation w i r i n g  and provisions, 
addition of motor switches i n  l i e u  of re lays  f o r  power d i s t r ibu t ion  sys- 
t e m ,  and revised estimate e l e c t r i c a l  harnesses, plumbing and valves f o r  
the  main engine. 
s t ruc tu ra l  drawings, reduction of external  insulat ion f o r  the  RCS engine 
plumes and design refinements of the  ECS and EPS space radiat ion.  

The decreases resul ted from current calculations of 

Launch Escape Motor 

The major changes t o  the  LES were due t o  increases i n  tower insula- 
t i o n  thickness and b a l l a s t  weight consistent with combined CM and LES 
balance requirements. 

Saturn V Adapter 

The adapter weight has been increased due t o  revised configuration 
f o r  compatibility with t h e  LEN. 

Lunar Excursion Module 

I n  general, the  LE51 weight increase r e s u l t s  from refinement of sub- 
systems design. Structure weight increase with establishment of t h e  
cabin configuration. Navigation and guidance weights increased with 
def in i t ion  of a system f o r  LEN ( the  weight of t he  system i s  being ref ined 
t o  a lower value).  
component weights. 
( t he  previous estimate of the gear w a s  extremely low). 
strumentation weight has increased with de f in i t i on  of system requirements. 
E lec t r i ca l  power supply weight increase i s  primarily i n  t h e  d i s t r ibu t ion  
system. 
t r ac t ed  result ing i n  weight increases.  Propellant tanks are s i zes  f o r  
a 28,000 lb LEM. Propellant requirements have increased as a function 
of i n e r t  weight. RCS system has increased with system def in i t ion .  
are s ized t o  contain rendezvous and! docking propellant.  Propellant re- 
quirements are a lso  related t o  performance of t h i s  function with RCS. 
Spares not formerly reported are now included. 

Present ECS weight increase r e f l e c t s  subcontracted 
The fo ld i rg  gear concept has increased gear weigkht 

Operational in- 

Propulsion system design has firmed as components were subcon- 

Tanks 
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FLIGHT TECHNOLOGY 

Aerodynamic s 

During the past  quarter, t he  decision was made t o  remove the  aero- 
The reason f o r  t h i s  decision w a s  due t o  the continued 

The lar- 

dynamic stralres. 
forward movement of t h e  center  of grav i ty  which, i n  turn,  resul ted i n  
grea te r  strake area t o  eliminate the  apex-forward t r i m  point.  
ger  strake area i n  addition t o  t h e  adverse CM heating charac te r i s t ics  
associated with t h e  strakes resu l ted  i n  an unacceptable CM weight in-  
crease.  For t h i s  reason, several  a l t e rna t ive  solut ions of the  apex- 
forward t r i m  problem were invest igated by North American Aviation, Inc.  
These investigations have l e d  t o  the se lec t ion  of the  "tower f l a p  dual 
m o d e "  approach. This concept incorporates f ixed surfaces a t  the upper 
end of the  tower, which a re  exposed t o  t h e  a i r  stream by j e t t i s o n  of t h e  
expended rocket casing. 
cover during low a l t i t u d e  aborts,  a second mode of operation i s  employed 
f o r  aborts  below 30,000 feet .  
casing, t he  j e t t i s o n  motor i s  used t o  p u l l  away t h e  expended motor casing, 
t h e  tower, and the  apex cover. 

In  order t o  assure proper j e t t i s o n  of the  apex 

Instead of j e t t i son ing  t h e  rocket motor 

An extensive wind tunnel program has been completed t o  define t h e  
configuration of t he  tower f l ap .  
configuration se lec t ion  i s  expected during t h e  next month. 

Data are now being reduced and a f i n a l  

An independent invest igat ion of another so lu t ion  t o  the  apex-forward 
t r i m  point is being undertaken by MSC as a backup t o  the North American 
Aviation, Inc. program. This invest igat ion is centered around the  con- 
cept of deployable aerodynamic surfaces a t  t h e  forward end of the LES 
rocket motor. These surfaces would be deployed a f t e r  LES burnout and 
would muse the  launch escape vehicle t o  t r i m  i n  the  heat sh ie ld  forward 
posi t ion.  Completion of t he  independent inves t iga t ion  i s  expected during 
t h e  next quarter . 

Aerodynamic Heat Transfer 

A f i v e  volume summary of the  estimated boost and reentry heating 
charac te r i s t ics  has been issued by North American Aviation, Inc.  and i s  
being incorporated i n t o  the  heat sh ie ld  design by AVCO Corporation. 
This report  gives the  time hTstory of cold w a l l  heating rates at 62 body 
locat ions f o r  a l l  of t h e  heat sh ie ld  design t r a j e c t o r i e s .  Ehphasis i s  
now being placed on the  more accurate de f in i t i on  of the  heating r a t e s  
t o  be expected i n  and around holes and protuberances on t h e  CM. 

Ablation Material Thermal Performance 

During t h e  last  quarter,  an experimental program has been conducted 

1 
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t o  define the  influence on thermal performance due t o  change i n  the  
ablator  manufacturing process from a t a p i n g  process t o  a pressurized 
gun process. No s igni f icant  changes i n  t h e  materials performance were 
indicated by the  AVCO Corporation t e s t s .  

Two of t he  four Scout nose caps f o r  t he  materials f l i g h t  t es t  pro- 
gram have been delivered t o  Langley Research Center. A t h i r d  cap i s  
being completed at the  present time, 
i n  order t o  have t h e  instrumentation plugs changed t o  mater ia l  manu- 
factured by the  same process as the  cap i t se l f .  
program, Langley Research Center has conducted thermal performance t e s t s  
on the  AVCO Corporation material.. These t e s t s  have indicated a greater  
s e n s i t i v i t y  t o  aerodynamic shear s t resses  than has been indicated i n  
the  AVCO Corporation tes t  program. For t h i s  reason, an additional t e s t  
program t o  be conducted by AVCO Corporation and Langley Research Center 
has been outlined and w i l l  be completed during the  next quarter.  The 
objective of t h i s  program i s  t o  give a c lear  indicat ion whether o r  not 
nose cap material w i l l  be able t o  withstand the  excessive shears encoun- 
t e r ed  i n  the  Scout reentry.  These shear forces are twice those expected 
i n  t h e  most severe Apollo heat shield design t r a j ec to ry .  

The fourth cap i s  being reworked 

A s  par t  of t he  Scout 

Mission Natural Environment 

The best available information oil t he  meteoroid environment, me- 
teoro id  penetration character is t ics  and so lar  proton f lux  i s  being pre- 
pared f o r  incorporation i n t o  the  North American Aviation, Inc. State- 
ment of Work. 
meteoroids and radiat ion from the  crew safety and mission success 
r e l i a b i l i t y  calculations w i l l  a l s o  be revised t o  include these environ- 
ments. North American Aviation, Inc. i s  being asked t o  invest igate  the  
impact on spacecraft design of the  proposed changes before the  formal 
change i s  ac tua l ly  made. 

The portions of t he  Statement of Work which excluded 

It has not been possible t o  produce high ve loc i ty  simulations of 

An invest igat ion of all available high veloci ty  impact fac- 
meteoroid impacts i n  the  General Motors Corporation - Santa Barbara 
program. 
i l i t i e s  indicates that, pa r t i c l e  veloci t ies  greater  than 30 t o  40 thousand 
f e e t  per second cannot be obtained with the  accuracy and repea tab i l i ty  
required i n  t h i s  simulation. As a resu l t ,  t he  General Motors Corporation 
program must proceed on a tes t  progrm with a more r e s t r i c t ed  veloci ty  
range than origin&iy desi,rzd. 
experimental information i n  t h e  lower veloci ty  range w i t h  which t o  ex- 
t r apo la t e  t o  the  veloci ty  ranges of i n t e re s t  (90,000 fee t  per second). 

It will he n e c e s s q  t o  obtain enough 

Performance and Trajector ies  

During the  past  quarter, MSC and MSFC have undertaken extensive 
invest igat ions of t h e  trajectory&lharacte$stics of t h e  Saturn V 

- i n - = m ~ r n  '.V 
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supercircular reentry tests 304 and 305. 
study are tha t  t he re  are confl ic t ing t r a j ec to ry  requirements from the  
standpoint of booster qua l i f ica t ion  and spacecraft  reentry demonstration. 
MSC and MSFC are preparing a jo in t  report  defining t h e  avai lable  a l terna-  
t ive t r a j ec to r i e s  and t h e  advantages and disadvantages of each. 
information w i l l  be used as a bas is  for  ident i fying an acceptable com- 
promise f l i g h t  plan i f  one ex i s t s .  

Present indications from t h i s  

This 

RELIAl3ILITy 

A quarterly r e l i a b i l i t y  panel meeting w a s  held i n  September 1963 t o  
Topics discussed include t h e  fo l -  provide s ta tus  on the  Apollo program. 

lowing : 

1. Rel i ab i l i t y  Assessment of Lunar Mission System and Spacecraft 

2. Rel iab i l i ty  Assessment of Deliverable End-Items 

3. Summary of Signif icant  Test Program Fai lures  and Corrective 
Actions 

4. Status of Approved and Preferred Parts Program 

5 .  Status of Apollo Re l i ab i l i t y  Training and Motivation Program 

6. Status of Major Subcontractos R e l i a b i l i t y  Programs 

7. Status of Weight - Rel i ab i l i t y  Studies 

8.  Status of In-Flight Maintenance Program fo r  Meeting Re l i ab i l i t y  
Objectives 

MSC i n i t i a t e d  several  independent r e l i a b i l i t y  assessments on both 
selected deliverable end-items and spec i f i c  systems. 
assessments were t h e  L i t t l e  Joe I1 QIV and the  LES f o r  AFM 011. 

Examples of these  

Command and Service Modules 

North American Aviation, Inc .- The r e l i a b i l i t y  apportionments f o r  
mission success and crew safety were modified f o r  t he  LOR mission and 
a l t e rna te  modes of operation i n  t h i s  reapportionment. 
r e l i a b i l i t y  estimates have been made based upon subsystem r e l i a b i l i t y  
estimates and a recoimended l i s t  of "on-board spares".  

State-of-the-art 

Weight versus r e l i a b i l i t y  s tud ies  have been i n i t i a t e d ,  but t he  
i n i t i a l  analysis has not been completed. This study has s ignif icance 
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i n  MSC decisions r e l a t i v e  t o  " in-f l ight  maintenance". 

R e l i a b i l i t y  assessments have been made by t h e  contractor on boi ler-  
Detail r e l i a b i l i t y  assess- p l a t e s  6, 12, 13, and mission essential GSE. 

ments w i l l  be made on d l  deliverable items. 

Subsystems t h a t  a r e  considered t o  be primary r e l i a b i l i t y  problem 
areas a re  the  EPS, SM RCS, CM RCS, and the  SPS. 

Luna- Excursion Module 

The G r m a n  Aircraf t  Engineering Corp. r e l i a b i l i t y  program plan 
w a s  reviewed by MSC and i n i t i a l l y  disapproved pending c l a r i f i c a t i o n  
of the s t ress - to- fa i lure  philosophy. I n i t i a l  r e l i a b i l i t y  predictions 
have been mad-e by Gnuman Aircraf t  Engineering Corp.; and, as a con- 
sequence, a reapportionment t o  lower level of assemblies has been 
i n i t i a t e d ,  
Preliminary r e s u l t s  indicate  that the overa l l  r e l i a b i l i t y  improvement 
obtained from in - f l i gh t  maintenance i s  not s ign i f i can t  but does not 
preclude r e l i a b i l i t y  improvements i n  s ign i f icant  a reas .  

A weight - re l iab i l i ty  s tudy f o r  LEM has been i n i t i a t e d .  

The LEM r e l i a b i l i t y  plan as submitted by Grumman Aircraf t  Engineer- 
ing Corp. w a s  disapproved by MSC. Due t o  the  MSC's objection t o  t h e i r  
r e l i a b i l i t y  analysis  using "Weibull," Grumman Aircraf t  Engineering Corp. 
requested a meeting t o  discuss  a new approach. A t  the  meeting on S e p  
tember 10, 1963, Grumman Aircraf t  Engineering Corp. acknowledged t h a t  
t h e  Weibull approach could not be used t o  analyze da t a  generated from 
"s t ress - to- fa i lure"  t e s t s  with adequate s t a t i s t i c a l  confidence. 
current  plan of Grumman Aircraf t  Engineering Corp. i s  t o  have vendors 
conduct at  l e a s t  four  "s t ress- to-fai lure"  t e s t s  and supply the  data  t o  
Grumman Aircraf t  Engineering Corp. Grumman Aircraf t  Engineering Corp. 
w i l l  then p lo t  t h e  data  t o  determine t rends.  
A i rc ra f t  Engineering Corp. t o  attach any signif icance t o  the  t rend l i n e  
p lo t t ed  w a s  questioned. After  considerable discussion, which included 
an a l t e r n a t e  plan of da ta  review presented by MSC, t he  meeting was ad- 
journed with no resolut ions except t h a t  Gmumnan Aircraf t  Engineering Corp. 
would consider t he  MSC proposal. It appears t h a t  a r e a l i s t i c  approach 
t o  t h e  r e l i a b i l i t y  problem has not been formulated. 

The 

The a b i l i t y  of Gnumnan 

MSC and Gru~~man Aircraf t  Engineering Corp. personnel discussed the  
r e l i a b i l i t y  requirements of' Government I"ui-iiish& flight LEI ground i n -  
strumentation. Grumman Aircraft Engineering Corp. has expressed a need 
for NASA t o  provide r e l i a b i l i t y  data on all G F E  t h a t  they w i l l  be d i r -  
ected t o  use. Gru~~man Aircraf t  Engineering Corp. w a s  requested t o  sub- 
m i t  a l e t t e r  out l ining the  specif ic  da t a  they considered e s sen t i a l .  
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SPACECRAJ?J!-LAUNCH VEHICLE INTM;RATION 

Spacecraft-launch vehicle in tegra t ion  includes not only the  inte-  
gra t ion  of the spacecraft  t o  the  launch vehicle  but a l s o  the  i n s t a l l a t i o n  
of t he  associated launch and f l i g h t  control  GSE. These a c t i v i t i e s  are 
accomplished through the  following MSC-MSFC-LOC coordination panels. 
Major accomplishments of t he  Mechanical In tegra t ion  Panel, Fl ight  Mech- 
anics Panel, E l e c t r i c a l  Integrat ion Panel, Launch Operations Panel, and 
the  Crew Safety Systems Panel are as follows: 

Mechanical Integrat ion Panel 

It was agreed by MSC and MSFC t h a t  MSC w i l l  conduct comparative 
LES tower s t a t i c  def lec t ion  tests u t i l i z i n g  a boi le rp la te  CM and an 
AFRM CM. 

An agreement was reached between MSC and MSFC t h a t  t he  spacecraft  
supplied t o  MSFC f o r  Saturn I dynamic tes t  a r t i c l e  w i l l  consis t  of 
i n e r t  launch escape system, boi le rp la te  CM, AFRM SM, and AFRM Saturn I 
adapter.  
p l a t e  27 (Saturn I ) .  

MSC-ASP0 refers t o  t h i s  t e s t  a r t i c l e  configuration as boi ler-  

An agreement was  reached between MSC and MSFC t h a t  t he  spacecraft 
supplied t o  MSFC f o r  Saturn I B  and Saturn V dynamic t e s t  a r t i c l e  will 
consis t  of bo i le rp la te  27 (Saturn I) with the  Saturn I adapter replaced 
by a L;EM t e s t  a r t i c l e  (LTA no. 2) and an AFRM Saturn I B  adapter.  MSC 
r e fe r s  t o  t h i s  t es t  arbFcle configuration as bo i l e rp l a t e  27 (Saturn IB) . 

MSC and MSFC agreed t h a t  an in te r face  cont ro l  document w i l l  be pre- 
pared f o r  each space vehicle.  

It w a s  agreed by IvlsC and MSFC t h a t  t h e  bo i l e rp l a t e  26 SM, in se r t ,  
and adapter would be t ransported horizontal ly  aboard t h e  "Pregnant Guppy" 
a i r c r a f t  t o  MSFC. 

MSC w i l l  provide R 13 i n .  diameter access hole with a gasketed 
cover i n  the bottom of the  boi le rp la tes  16 arid 26 CM s t ruc tu re  <and heat 
sh i e ld  symmetrically about t h e  center l i n e .  

It w a s  agreed between MSC and MSFC t h a t  MSC w i l l  provide mounting 
surfaces i n  the Saturn I B  LEM adapter f o r  MSFC e l e c t r i c a l  instrumentation 
on SA-201 through SA-203. 

e -  

.- 

It w a s  agreed bet7:een MSC and MSFC t h a t  MSFC would provide t h e  
master tooling pa t te rn  f o r  Saturn IB adapter and Saturn V adapter t o  
instrument u n i t  b o l t  c i r c l e .  

* ., .. , 
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It w a s  agreed between MSC and MSFC t h a t  MSFC would provide t h e  mas-  
t e r  tool ing pa t te rn  f o r  Saturn IB adapter and Saturn V adapter t o  in- 
strument uni t  b o l t  c i r c l e .  

It has been establ ished and reported by MSFC t h a t  spacecraf t  center  
of g rav i ty  loca t ion  within s i x  inches and 90 pounds can be t o l e r a t e d  by 
t h e  launch vehicle.  

Fl ight  Mechanics Panel -. 
MSC defined acceptable accuracies f o r  Saturn I and I 3  ea r th  o r b i t a l  

These accuracies are f o r  a t h r e e  o r b i t  
Work i s  proceeding on in se r t ion  accuracy versus time re- 

in se r t ion  as: ve loc i ty  k35 fps, f l i g h t  path angle *O.25", a l t i t u d e  
*3,OOO feet and yaw angle *O.lO. 
mission only. 
quired i n  o rb i t ,  up t o  a maximum of 14 days. 
accuracy i s  expected t o  be much b e t t e r  than t h e  above requirements. 

Launch vehicle  i n se r t ion  

The maximum spacecraft requirements f o r  S-IVB a t t i t u d e  cont ro l  i n  
ea r th  o r b i t  of all Saturn IB f l i g h t s  is  3 hours. A system capable of 
1 45  hours of a t t i t u d e  control, which can be off-loaded t o  3 hours on Sat- 

urn IB f l i g h t s  with t h e  LFM w i t h  a payload penalty no g rea t e r  than TOO 
pounds ( o r b i t a l  payload 31,800 pounds), is  acceptable t o  MSC. 

The following a t t i t u d e  cont ro l  rates as defined by MSFC are accept- 
able  f o r  navigation s ight ings f o r  s-IVB Saturn IB: 

Saturn IB Spacecraft and S-IVB LEM and S-IVB 

R o l l  0.0615 deg/sec 0.0725 deg/sec 

P i tch  O.OOg8 deg/sec 0.0181 deg/sec 

Yaw 0.00995 deg/sec 0.01875 deg/sec 

These a t t i t u d e  control  rates are also considered acceptable by MSC f o r  
t r anspos i t i on  and docking pending confirmation from docking simulations.  

Subject t o  MSFC agreement t o  the payload penalty, MSC agrees t o  
1 -include a f u l l  Saturn V ea r th  o rb i t  t imel ine of 4, hours during a manned 

Saturn I B  f l i g h t  without the LEM. 

If MSFC can design a 4$ hour Saturn I B  a t t i t u d e  cont ro l  system 

wi th in  t h e  payload penalty r e s t r i c t ion ,  the  S-IVB a t t i t u d e  cont ro l  pro- 
p e l l a n t  tanks should be sized for the a t t i t u d e  maneuver requirements of 
Saturn V as defined i ne1 Meeting. This 

* 



46 

spec i f ies  one IMU alignment and four  landmark s ight ings or  s i x  br ight  
horizon sightings per o rb i t  i n  each of t h ree  o rb i t s .  

The e a r l i e s t  allowable LES j e t t i s o n  times on Saturn I B  and V should 
be based on t h e  1 psf dynamic pressure c r i t e r i a .  

A l a t e r a l  accelerometer i s  not p rac t i ca l  as a sensor f o r  automatic 
aborts due t o  hard-over engine f a i l u r e .  

The membership and scope of two subpanels, a reference t r a j ec to ry  
subpanel and a guidance and performance subpanel, were defined. 

E lec t r i ca l  Integrat ion Panel 

The Saturn I instrumentation unit/Apollo e l e c t r i c a l  in te r face  f o r  
SA-8 (boi le rp la te  26) and SA-9 (bo i l e rp l a t e  16) has been defined and 
published. 

Additional de f in i t i on  has been accomplished relative t o  the MSC/MSFC 
Saturn-Apollo ground support e l e c t r i c a l  in te r faces .  

Selected MSFC spec i f ica t ions  a re  being reviewed t o  determine appli-  
c a b i l i t y  t o  MSC contractor e f f o r t .  
ground support equipment cable connector l i s t  has been i n i t i a t e d .  

The establishment of a MSFC-MSC 

Launch Operations Panel 

Panel s t ruc ture  and charter  were reviewed. Operation under t h e  
MSC/MSFC charter of Ju ly  6, 1962 w i l l  continue. 
and operational procedures were reviewed and corrected.  

Sub-panel membership 

By mutual agreement LOC, MSC, and MSFC have se lec ted  MSFC t o  main- 
t a i n  a repository f o r  in te r face  documentation. 
t i n g  the  repository have been establ ished.  

A procurement for opera- 

Definit ion of the  Apollo ingress-egress aims f o r  the  spacecraf t  has 
been accomplished. 

Crew Safety System Panel 

The Saturn I EDS design as proposed by MSFC has been reviewed by 
Agreement w a s  reached between the  two Centers on an EDS design bEC. 

which w i l l  s a t i s f y  the  requirements of both Centers. 
monitored according t o  the  agreement are:  

Parameters t o  be 

a. Launch vehicle r a t e  excessive 
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b. Thrust OK - each engine on each stage 

c .  Launch vehicle  a t t i t u d e  error 

d .  Instrument u n i t  power 

e .  Guidance and control s t a t u s  

f .  S t ruc tu ra l  monitor 

MSC and MSFC agreed t o  a Saturn I EDS f l i g h t  qua l i f i ca t ion  t e s t  
program consis t ing of open loop t e s t s  on SA-9 and SA-8 and a closed loop 
tes t  on SA-10. "Open loop" tes t  was defined as requir ing all launch 
vehicle  sensors, logic,  and wiring t o  t h e  spacecraft  in te r face .  Those 
c i r c u i t s  f o r  generating an ac tua l  abort or EDS engine cutoff w i l l  be 
open c i r c u i t .  "Closed loop" test  was defined as requir ing all launch 
vehicle  EDS hardware and associated spacecraft  hardware with an abort 
and launch vehicle  engine shutdown capabi l i ty  i n  the  event of a launch 
vehicle  malfunction. 

Agreement has been reached between MSC and MSFC on the  preliminary 
EDS spec i f ica t ions  f o r  t h e  Saturn I B  and Saturn V. MSFC w i l l  release 
these  preliminasy specif icat ions t o  t h e i r  contractors  for  implementation 
of necessary hardware design and in s t a l l a t ion .  I n  general, t h e  para- 
meters t o  be monitored on the Saturn I B  and Saturn V are very s i m i l a r  
t o  those on t h e  Saturn I. 
vehic le  rate excessive, t h r u s t  OK - each engine on each stage, s t r u c t u r a l  
i n t eg r i ty ,  guidance and control  s ta tus ,  angle of attack, and a t t i t u d e  
e r r o r .  The Saturn V EDS w i l l  monitor t h e  same bas ic  parameters as on 
Saturn I B  w i t h  t h e  addi t ion of S-I1 and S-IVB f u e l  t ank  pressures.  

On Saturn IB, t h e  EDS w i l l  monitor launch 

The sub-panel es tabl ished t o  study problems associated with f a i l u r e s  
occurring a t  or  near l i f t - o f f  has ident i f ied  a number of possible means 
of obtaining the desired information. 
these  proposals on SA-5 t o  determine t h e  adequacy of t h e  da t a  received 
f o r  use i n  determining i f  an abort  i s  required.  

Plans have been made  t o  implement 

. 
COMMAND AND SEBVICX MODULE HARDWARE AND LAUNCH SCHEDUIX 

Boilerplate  6.- During the  l a s t  report ing period bo i l e rp l a t e  6 w a s  
Build-up and checkout of t he  vehicle  were 

Some redesign 

moved i n t o  the  WSMR complex. 
delayed during the  current reporting period due t o  d i f f i c u l t i e s  exper- 
ienced i n  t h e  qua l i f ica t ion  of t h e  Earth Landing System. 
of t h e  CM upper deck w a s  required after t h e  bo i l e rp l a t e  3 t es t  f a i l u r e  
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a t  E l  Centro, California.  The Space Ordnance pyrotechnics were replaced 
by the  more proven Ordnance Associates pyrotechnics i n  the  drogue and 
p i l o t  parachute mortars. 
parachute harness of bo i le rp la te  6 have been accomplished and build-up 
i s  now i n  progress. 

Essent ia l  modifications t o  t h e  upper deck and 

Launch date  i s  presently s e t  f o r  October 30, 1963. 

Boilerplate 12.- Major changes are  being incorporated i n  boi ler-  
plate 12 pr ior  t o  scheduled mid-October - start  of Downey checkout. NASA 
besign Engineering Inspection of bo i le rp la te  1 2  w a s  conducted September 10, 
1963 and necessary modifications a re  scheduled t o  be completed before 
Downey checkout begins. Delivery t o  WSMR i s  scheduled f o r  December 1, 
1963, and launch f o r  February 1, 1964. Hardware appears t o  be two t o  
three weeks behind i n  meeting t h i s  schedule. 

L i t t l e  Joe I1 Launch Vehicle No. 1 qual i f ica t ion  t e s t  f l i g h t  w a s  
achieved during t h i s  period. 
prescribed l i m i t s  f o r  t he  forthcoming boi le rp la te  12 high Q abort f l i g h t .  

The launch vehicle t r a j ec to ry  w a s  within 

Boilerplate 13.- Boilerplate 13  is i n  t he  f i n a l  assembly area. The 
launch escape tower, 04, SM, i n s e r t  and adapter s t ruc tures  are  completed 
and f l i g h t  systems i n s t a l l a t i o n  i s  progressing. Manufacturing w i l l  be 
completed October 20, 1963, with t h e  DEI t o  be conducted October 10. 
Downey Tes t  Preparation operations are scheduled f o r  completion Decem- 
ber 22, 1963, with a i r  shipment of the  spacecraft  and GSE t o  AMR 
December 29 and 30, 1963. Launch i s  planned f o r  March 13, 1964. 

Boilerplate 15.- Boilerplate 13, second of launch and e x i t  environ- 
ment boi lerplate  spacecraft, i s  i n  t h e  manufacturing f i n a l  assembly area.  
S t ruc tura l  completion of t he  launch escape tower, (24, SM, i n s e r t  and 
adapter was accomplished during t h i s  period. In s t a l l a t ion  of f l i g h t  com- 
ponents i s  i n  progress. 
with launch set f o r  July 15, 1964. 

Field delivery i s  scheduled f o r  March 1, 1964 

Boilerplate 18.- The following documentation i n  support of t he  13 
and D Communications and Instrumentation Systems on boi le rp la te  18 has 
been transmitted t o  North American Aviation, Inc.  during t h i s  period. 

1. The Apollo R and D f l i g h t  hardware l i s t  

2. The telemeter measurement requirements channel schedule 

3. The instrumentation s igna l  wiring diagram 

4. The e l e c t r i c a l  power d i s t r ibu t ion  diagram 

5 .  The spacecraft  ground support equipment in te r face  diaeran. 



The following manufacturihg has been accomplished on boi le rp la te  18. 

1. The mating of the  CM inner forward and inner a f t  s t ruc tures  
has proceeded as planned, with mating t o  be completed on October 4, 1963. 

. 2. The SM bulkhead has been completed and delivered t o  t h e  SM 
assembly area.  

- .  Boilerplate  22.- During t h i s  reporting period, de ta i led  fabr ica t ion  
w a s  begun on boi le rp la te  22. Selection of an abort a l t i t u d e  has been 
narrowed t o  60,000 *lO,OOO f e e t .  
approximately 20,000 l b s .  of ba l las t  i n  an upper r ing of t he  dwmny SM 
i n  order t h a t  t h e  proper point on the Saturn C - I  t r a j ec to ry  w i l l  be h i t .  
Eoi lerplate  22 i s  scheduled i n t o  the assembly area on November 15, 1963, 
i n t o  f i n a l  checkout on Septenber 1, 1964, and f o r  launch at WSMR on 
March 15, 1965. 

Decision has been made t o  incorporate 

t 

Boilerplate  23.- The f i n a l  i n s t a l l a t ion  and checkout of boi ler-  
p l a t e  23 are now i n  progress a t  Downey, California.  Work i s  a l s o  i n  
progress f o r  t h e  i n s t a l l a t i o n  of MCR 374. 
approved changes resu l t ing  from.RFC's on t h e  boi le rp la te  12  DEI. 

This MCR implements all 

Lack of a de ta i led  program for GSE t o  meet bo i le rp la te  23 require- 
m e n t s  remains a poten t ia l  problem. GSE was  not adequately provisioned 
f o r  bo i l e rp l a t e  23, but a program was envisioned by North American 
Aviation, Inc. t o  use boi le rp la te  6 and boi le rp la te  23 GSE after required 
modification. However, because of s l i p s  i n  the  'uoiierplatc 12  schedule, 
it i s  uncertain tha t  suf f ic ien t  GSE w i l l  be available t o  meet require- 
ments of bo i le rp la te  12 overlap with boi le rp la te  23. 

a. Planning i s  now i n  progress at North American Aviation, Inc. 
t o  s h i f t  GSE assets from boi lerplates  6, and 1 2  and modify as necessary 
and a l s o  t o  i n i t i a t e  new fabrication i n  order t o  meet bo i le rp la te  23 
requirements. 

b. Fl ight  Technology group df t h e  ASPO Corp. has reviewed mission 
requireaents and s t a t e s  t h a t  should boi le rp la tes  6 and 12 be successful, 
t he re  w i l l  be no requirement t o  fly boi le rp la te  23. 

Checko1.t is scheduled fo r  completion by November 15, 1963. Boiler- 
p l a t e  23 w i l l  be placed i n  storage u n t i l  January 2, 1964 an& a fzlm,al 
DEI  i s  t en ta t ive ly  scheduled f o r  January 5, 1964. 
s e t  f o r  February 16, 1964 w i t h  launch scheduled f o r  March 13, 1964. 

Movement t o  WSMR i s  

Boilerplates 16 and 26.- Boilerplates 16 and 26 have been assigned 
t o  t h e  bEFC micrometeoroid experiments. Both of these s t ruc tures  are 
present ly  i n  manufacturing, 
p l a t e  16 command module "was h8%Tg%e "afneation insd-at ion applied, w a s  

A t  the end os t h i s  reporting period, bo i le r -  

; 



scheduled t o  move t o  f i n d  assembly p r io r  t o  October 10, 1963 and sche- 
duled out of manufacturing January 1, 1964. Boilerplate 26 continued 
in major subassembly and i s  scheduled i n t o  f i n a l  assembly January 24, 
1964 and out of manufactur'ing on Apri l  15, 1964. 

AFRM 002.- Manufacturing of AFRM 002 w i l l  begin i n  November 1963. 
Significant a c t i v i t y  occurring during t h e  preceding quarter has been 
t h e  f ina l iza t ion  of the  Measurement requirements and i n i t i a l  s teps  by 
MSC-IESD t o  provide required instrumentation systems. 

Review of t he  mission plan for t h i s  airframe, with considerations 
involving present tower mode launch escape system, w a s  accomplished. 
The resu l t s  indicate  the  d e s i r a b i l i t y  of conducting t h i s  abort t es t  
a t  a higher a l t i t u d e  than t h e  previously planned 20,000 f e e t  i n  a f l i g h t  
regime where the  tower f lap,  the  second abort mode, w i l l  be experienced. 

A.F'RM 010.- Manufacturing of AFRM 010 is  scheduled t o  begin i n  
A p r i l 1 9 6 4 . S i g n i f i c a n t  a c t i v i t y  occurring during t h e  preceding quar- 
t e r  has been the  f ina l i za t ion  of measurement requirements and instru-  
mentation systems requirements. A review of t he  configuration of t h i s  
airframe has produced contractor-ASFQ agreement t h a t  t he  CM RCS and 
t h e  rate portion of t h e  SCS should be added t o  make t h e  configuration 
similar t o  t h a t  of AFRM 002. A 3 4  similar t o  t h a t  of AFRM 002 has 
also been ordered f o r  Al?RM 010. These changes w i l l  make the  airframe 
010 configuration capable of performing any LES abort  mission. 

Ground Test Ar t ic les  

Test f ix ture  F-2 .- Manufacturing of t e s t  f i x tu re  F-2 w a s  completed 
during t h i s  reporting period. A DEI of t h e  . tes t  f i x t u r e  w a s  held on 
August 24, 1963 at  North American Aviation, Inc . ' s  Los Angeles Division. 
Twenty-five "Request fo r  Change or Further Study" were w r i t t e n  against  
t h e  t e s t  a r t i c l e .  Out of t he  twenty-five t h e  DEI Board assigned 14  i n t o  
Cstegory I (implement immediately), 4 i n t o  Category I1 (study),  5 i n t o  
Category I11 ( re jec ted) ,  and 2 i n t o  Category I V  (not appl icable) .  

Leak checks of the  t e s t  f i x tu re  propellant l i n e s  have uncovered 
numerous leaks  t h a t  have held up the  shipment of t he  t e s t  f i x t u r e  t o  t h e  
Propulsion Systems Development Fac i l i ty ,  W S M R .  It i s  ant ic ipated t h a t  
the ledcs will be repaired and the  f i x t u r e  shipped t o  WSMH by mid-October 
19~~4. 

GSE w i l l  be the pacing i t e m  as t o  t h e  s tar t  of t e s t i n g  with F-2. 
Late delivery of the  GSE w i l l  s l i p  the  start of t e s t i n g  u n t i l  March 1964. 

Airframe 001.- Airfrmie 001 SM started buildup on the  assembly j i g  
on August 14,  136'j. 
t o  Nnster Developelit Schedule N o .  7. 

Manufacturing of t h e  SM i s  on schedule when compared 
However, t he re  could be a seven 



t o  nine week s l i p  due t o  l a te  delivery of t h e  instrumentation harness. 
The contractor has s t a r t e d  t o  redesign t h e  harness i n  order t h a t  an out 
of s t a t i o n  i n s t a l l a t i o n  may be accomplished. If t h i s  i s  accomplished, 
there  should be l i t t l e  or no delay i n  the  manufacturing of t h e  SM. 
on the present schedule, t he  SM assembly should be completed by Dec- 
ember 1, 1963, followed by f i n a l  i n s t a l l a t i o n  and checkout by t h e  middle 
of Narch 1964. The SM w i l l  then undergo a two and a half  month prepara- 
t i o n  a t  Downey, Cal i fornia  p r i o r  t o  its shipment t o  PSDF-WSMR. 

Based 

Airframe 006.- The CM and SM s t ruc tu ra l  fabr ica t ion  was  begun during 
The CM s t ruc ture  i s  approximately 20 percent com- 

The C - 1  adapter w i l l  
t h i s  report ing period. 
plete ,  and the  SM s t ruc ture  is 17 percent complete. 
begin fabr ica t ion  December 20, 1963. 
the  hardware previously used f o r  t h e  s t a t i c  firing, modified i n  accord- 
ance w i t h  current  spacecraft  design. 

The LES t o  be used on AFM 006 i s  

Airframe 008.- North American Aviation, Inc., made a presentat ion 
u t i l i z i n g  PACE carry-on equipment for  spacecraf t  checkout and for  t rans-  
mission of R and D da t a  t o  the  ground s t a t i o n  during t h e  tes t  runs. 
North American Aviation, Inc.  i s  now considering using PACE carry-on 
f o r  only spacecraf t  checkout, and using hardline t o  car ry  R and D meas- 
urement da ta  t o  t h e  ground s t a t i o n .  It appears t h a t  t h e  MDS-7 does not 
provide time at Downey f o r  complete AFRM 008 check with PACE p r i o r  t o  
shipment from t h e  Apollo T e s t  and Operations area. 
being reviewed t o  include complete checkout. 

Schedule i s  now 

Boilerplate  14.- Fabrication o f t h e  s t ruc tu re  f o r  bo i le rp la te  14  i s  
i n  process. 
ceived on schedule. Several ECS and telecommunications system components 
are l a t e  but are not c r i t i c a l  at  present. 

Subcontractors and vendor system components a re  belng re- 

LEN FLIGHT TEST PROGRAM 

LEM-1 will be used f o r  evaluation of s taging and separat ion dynamics 
under simulated lunar  gravi ty  and f o r  determination of t he  operat ional  
cha rac t e r i s t i c s  of t h e  ascent propulsion subsystem f o r  a full duration 
unrestrained firing. 
f l i g h t .  

A L i t t l e  Joe I1 booster w i l l  be used f o r  t h i s  

LEM-2 w i l l  be used t o  evaluate staging and separation dynamics under 

It w i l l  a l s o  be used t o  determine operational ciiaza- 
emergency abort  conditions and t o  evaluate plume effects on the descent 
s tage landing gear .  
c t e r i s t i c s  of t he  descent s tage propulsion system f o r  long durat ion f i r -  
i n g s .  A L i t t l e  Joe I1 booster will a l s o  be used f o r  t h i s  f l i g h t .  



52 

The required revis ion of t h e  L;EM Manufacturing Plan was  reviewed i n  
detai l  w i t h  Grumman Aircraf t  Engineering Corp. on August 27, 28, and 29, 
1963. 
This  revision i s  t o  include: 

Draft copies of a complete revis ion are due October 14, 1963. 

a. Management procedures and controls required t o  e f f ec t ive ly  
"overlay" t h e  project ized Gnumnan Aircraft Engineering Corporation LEM 
manufacturing management upon the  Grumman Ai rcraf t  Engineering Corp. 
corporate manufacturing organization and f a c i l i t i e s  which are not pro- 
jec t ized .  
LEN project  manufacturing management one addi t iona l  leve l ,  w i t h  a "LF51 
man" f o r  each manufacturing department. 

Grurmnan Ai rcraf t  Engineering Corp. has decided t o  extend the  

b. The production rate t o  be used as the base f o r  t h e  major manu- 
fac tur ing  and assembly too l ing  i s  being revised by Grumman Aircraf t  
Engineering Corp. from t h e  o r ig ina l ly  proposed rate of two LEN'S per 
month t o  the MSC recommended equivalent of 1.4 per month. 

Manufacturing progress on mockups, test  modules, and tes t  articles, 
as of September 30, 1963 follows: 

a. M-1, t h e  cabin i n t e r i o r  mockup w a s  completed on schedule and 
NASA review accomplished September 17 and 18, 1963. 

b. M-2, docking in t e r f ace  mockup, has not been s t a r t e d .  A s l i g h t  
delay has been encountered pending better de f in i t i on  of t h e  in t e r f ace  
and the  use of the  mockup. 
t o  become controll ing.  

The delay i s ) n o t  c r i t i c a l  and is  not expected 

c .  M-3, adapter i n t e r f ace  mockup, and M-4, LEM ex te r io r  mockup, 
a r e  both i n  progress and on schedule. 

d .  M-5, t h e  complete LEM mockup, w a s  s t a r t e d  during t h i s  quar te r .  

e. TM-1 f o r  v i s i b i l i t y  and crew mobility development support i s  
90 percent complete and on schedule. 

f. The descent s tage f o r  !I'M-2, the  thermal t e s t  a r t i c l e ,  i s  i n  
progress. The ascent stage manufacturing e f f o r t  has been stopped; how- 
ever, s ince it has been determined t h a t  the  experimentally fabr ica ted  
ascent she l l  will not provide tes t  results needed, a la ter  prototype 
ascent she l l  w i l l  be subs t i tu ted .  

g.  The antenna tes t  model, TM-3, i s  i n  manufacture and nearing com- 
p le t ion .  

f i  
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h. '1M-4 i s  now scheduled t o  start i n  the 4th quarter  of 1963. 

i. The first sca le  model for landing gear development t e s t s  has 

been completed and i s  i n  use. The second model i s  being manufactured. 
A t h i r d  and fourth model, for MSC and Langley Research Center use, a r e  
being added as a contract  change. 

j . RCS t e s t  stand s t ruc ture  i s  complete. "he s losh r i g  test stand 

Four s e t s  of the  aluminum f u e l  
frame has been assembled and is  ready for tank i n s t a l l a t i o n .  
propulsion t e s t  r i g s  are i n  manufacture. 
and oxidizer  tanks f o r  t he  ascent stage have been manufactured. 

Heavy weight 

QUALITY ASSURANCE 

An Apollo War te r ly  Quality Assurance Panel Meeting was held w i t h  
spec i f i c  emphasis given t o  program s ta tus .  
t r a c t o r s  (North American Aviation, Inc ., Grumman Aircraf t  Engineering 
Corp., and MIT) presented information on the  following topics:  

The three  major Apollo con- 

1, Design Review 

2. Contractor Procedure Material Control Status  

3 .  Contractor-Fabricated Art ic le  Control Status  

4. Nonconforming Material Status 

3 .  Quality Control Audits Status 

6. Status  of GFP Control 

7. 
Ce r t i f i ca t ion  

Status  of Quality Control Laboratory Personnel and Process 

Command and Service Module 

The North American Aviation, Inc. Apollo Quality Control Plan was 
reviewed and considered acceptable, w i t h  t h e  exception t h a t  addi t ional  
c l a r i f i c a t i o n  i s  needed i n  the  launch s i t e  operation. North American 
Aviation, Inc.  has approved 8 of the 11 major sub-contractors'  qua l i ty  
cont ro l  plans.  
a r e  i n  the  process of approval. 
representat ives  a re  i n  residence at major subcontractors.  Subcontractor 
material review boards have been evaluated p r io r  t o  approval. North 
American Aviation, Inc.  has completed development of t h e i r  plans Tor t he  
subcontractors audi t .  

The remaining three subcoritraztsr qd2lif.y Cont ro l  plans 
A t  present, eleven NASA qual l ty  assurance 
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A summary of receiving inspection re jec t ions  show a decrease i n  per- 
centage reject ions.  

Lunar Excursion Module 

The design review pa r t i c ipa t ion  of Gnunman Ai rc ra f t  Engineering 
Corp. Quality Control i s  l imi ted  t o  released drawings. This untimely 
review may result i n  cos t ly  changes t o  hardware. 

Major subsystems contractors  a re  covered by qua l i ty  cont ro l  repre- 
sen ta t ives  i n  residence. O f  t h e  nine major subcontractors, six are cur- 
r e n t l y  i n  residence. 

The Grumman Aircraft Engineering Corp. Material R e v i e w  Board (MRB) 
has been approved and i s  i n  e f f e c t .  
l i s t e d .  

w a n t i t i e s  of MRB decisions were 

Personnel t r a ined  and c e r t i f i e d  for various processes including 
solder ing are radiography t o  da te  i s  139. 

A n  invest igat ion was  i n i t i a t e d  t o  a sce r t a in  t h a t  a l l  environmental 
connectors on the  Apollo spacecraft  are protected from a f a i lu re  of t h e  
type t h a t  occurred on MA-9. 

Standard process spec i f ica t ions  are being prepared f o r  implementation 
i n t o  all Apollo contracts .  
GSE environmental c r i t e r i a :  spl ic ing,  crimping, i d e n t i f i c a t i o n  and t race-  
a b i l i t y  and soldering. 

Specif icat ions have been prepared t o  cover 

Preliminary s tudies  were conducted on t h e  f e a s i b i l i t y  of es tab l i sh ing  
a MSC Electronic Data Processing Center f o r  r e l i a b i l i t y  and qual i ty  as- 
surance data. 

A program f o r  personnel motivation was i n i t i a t e d  a t  some contractor  
f a c i l i t i e s .  
a t  a l l  Apollo contractor  f a c i l i t i e s .  
ing G I A  informed. 

Planning i s  being done toward i n s t a l l i n g  motivation programs 
Program has been continued f o r  k e e p  

The BU Weps Rep, Bethpage Inspection Plan w a s  reviewed and approved 
subject  t o  incorporation of minor changes. 

Grurmnan Ai rcraf t  Engineering Corp.'s cos t  proposal on t h e  solder ing 
specif icat ion,  MSFC-PROC-l?8B, has been reviewed and a pos i t ion  recom- 
mended f o r  negotiation purposes. 

MSC and GrLumnan Ai rcraf t  Engineering Corp. personnel discussed qua- 
l i t y  control requirements of Government furnished f l i g h t  and ground .. 
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instrumentation. G r u m m a n  M r c r a f t  Engineering Corp. has expressed a 
need f o r  NASA t o  provide qua l i f ica t ion  and qual i ty  assurance da ta  on a l l  
GFE t h a t  they w i l l  be d i rec ted  t o  use.  Grumman Aircraf t  Engineering Corp. 
was requested t o  submit a le t te r  outlining t h e  
s i d e r  e s sen t i a l .  

SIMCTLATION AND TRAINITJC; 

spec i f i c  da ta  they con- 

ENGINEERING S-ION PROGRAM 

The f irst  i ssue  of t h e  N o r t h  American Aviation, Inc. Engineering 
Simulation Program Plan has been issued. 
neering simulation program through May, 1969, including simulation ob- 
jec t ives ,  schedules, and facil i t ies requirements. Evaluator E-1 began 
operation i n  June 1963. Evaluator E-2 w i l l  begin operation i n  October 
1963. Evaluator E-> will begin operation i n  February 1964. Simulator 
S-1 w i l l  begin operation i n  October 1964. 
operation i n  December 1964. 

This plan describes t h e  engi- 

Simulator S-2 will .  be i n  

Simulations of t h e  present docking concept are being undertaken by 
North American Aviation, Inc.  at t h e  Columbus Division and w i l l  be com- 
p le ted  during t h e  next quarter .  MSC is  undertaking an independent simu- 
l a t i o n  of t h i s  concept. 

The Phase I Centrifuge Program Test Plan w a s  published by North 
American Aviation, Inc.  on September 26, 1963. 
use  of Evaluator I during the  week of September 9, 1963 for t r a in ing  of 
t h e  astronauts  designated as t h e  primary par t ic ipants .  The f i x t u r e  f o r  
i n s t a l l a t i o n  on the Johnsvi l le  Centrifuge w a s  used f o r  fu r the r  t r a i n i n g  
i n  t h e  week of September 23, 1963 during integrated systems tes t .  Data 
co l l ec t ion  from dynamic runs i s  scheduled for October 28, 1963. 

The plan r e f l e c t s  t h e  

LEM Simulators 

Vendor proposals f o r  t h e  LEM simulator v i sua l  display systems were 
received August 26, 1963. 
changes prompted a resubmittal  of the specif icat ion,  and modified pro- 
posais  are due ~lcicjbei- 11, 1963. 

Subsequent requirements f o r  spec i f ica t ion  

The hover and landing simulator at Grumman Aircraf t  Engineering 
Corp. f in i shed  operation i n  August 1.963. 
cur ren t ly  i n  operation and i s  scheduled t o  run through October 1963. 
abort  simulation t o  be run a t  LTV has sl ipped from l a t e  October 1963 t o  
e a r l y  December 1963. 

The rendezvous simulation i s  
The 

MSC has developed a simulation f o r  study of t h e  



extendible probe docking technique. 

TRAINING AND TRAIIdING EQUIPMENT 

Carmnand and Service Modules 

North American Aviation, Inc.  has submitted preliminary design f o r  
systems t r a ine r s  i n  response t o  MSC d i r ec t ion  and CCA t o  t h e  contract .  

The Apollo part t a s k  t r a i n e r  v i sua l  simulation system spec i f ica t ion  
has been completed. 

The r e su l t  of the  common computer study d i rec ted  by MSC was  a recom- 
mendation by North American Aviation, Inc.  and Link Division, General 
Precision, Inc . , t h e  mission simulator subcontractor, t h a t  t he  DDP-24, 
b u i l t  by Computer Control Company of Framingham, Mass ., be used i n  both 
t r a i n e r s .  MSC concurred and procurement act ion f o r  these  units i n  i n  
progress . 

North American Aviation, Inc. and MSC conducted a design review on 
t h e  Apollo mission simulator September 23, 24, and 25, 1963. 
i s  sa t i s f ac to ry  t o  date .  The v i sua l  simulation systems remain the  c r i t -  
i c a l  i t e m s  i n  terms of schedule compliance. 

Progress 

Systems fami l ia r iza t ion  courses have been scheduled f o r  the  Mercury 
Project Office and Fl ight  C r e w  Operations Division personnel. 

Lunar Excursion Module 

Grumman Ai rcraf t  Ehgineering Corp. has issued i t s  spec i f ica t ion  f o r  
This ac t ion  the  v i sua l  simulation system f o r  t h e  LEN mission simulator.  

was  proposed by Gnumnan Aircraft Engineering Corp. t o  allow use of t h e  
system i n  the engineering simulator with l a te r  use i n  t h e  LEM mission 
simulator.  Five companies have responded: Farrand Optical; American 
Car and Foundry; Electronics  Division, Marquart - Pomona Division; Kollsman 
Instrument Company; and Link Division of General Precis ion Inc.  Proposals 
a re  being evaluated. 
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OPERATIONS 

SPACECRAFT CHECKOUT 

. 

. 

I n i t i a l  use of a PACE-SC ground s t a t i o n  i n  support of checkout 
operationsbat t h e  North American Aviation, Inc., Downey, C a l i f .  f a c i l i t y  
is  planned with bo i l e rp l a t e  14. 
having a l l  AFRM OOg and Oll f l i g h t  systems. 
bo i l e rp l a t e  w i l l  allar confirmation of checkout methods and spacecraft  
t o  PACESC in te r faces  p r io r  t o  t h e  i n i t i a t i o n  of PAmSC checkout of a 
f l i g h t  a r t i c l e .  I n i t i a t i o n  of PACE-SC checkout with bo i l e rp l a t e  14 i s  
planned f o r  August 1964. 

Boilerplate 14 i s  a house spacecraft  
This use of PACE-SC with a 

Similar Face-SC checkout developnent i s  planned with Gnumnan Air- 
c r a f t  Engineering Corporation through t h e  use of LTA-1, t h e  Grumman 
"house spacecraft". 

PACE-spacecraft operational functions, hardware interfaces ,  and 
tes t  point requirements have been fur ther  defined. 
measurements l i s t  f o r  AFRM 011 which l is ts  and def ines  airframe test  
points  has 'been published. 

An Apollo vehicle 

Current planning of the  LEN program indica tes  no requirements f o r  
PACE-SC at  WSMR. 
Hoiiston, Texas. 

This i s  premised on LTA-8 being u t i l i z e d  at MSC, 

PREFLIGHT 

Currellt planning f o r  t he  developent  of PACE-SC checkout provides 
for i n i t i a l  use of a ground s t a t ion  at North American Aviation, Inc., 
i n  support of systems t e s t i n g  of an airframe i n  December 1964. I n i t i a l  
use of a ground s t a t i o n  at Grumman Ai rcraf t  Engineering Corporation with 
LTA-1 i s  planned f o r  Febr?iary 1965. 

GROUND TEST PROGRAM 

COMMAND AND SERVICE MODULES 

Ai r f r ame  006.- The instrumentation requirements are being establ ished 
and w i l l  be released i n  accordance w i t h  MDS-7. 
manufacturing schedules support MDS-7 

A t  t he  present design and 

* 
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Boilerplate 1 4  .- The Instrumentation Measurement L i s t  has been re- 
leased a t  North American Aviation, Inc.  

Boilerplate 27.- The spacecraft supplied t o  MSFC f o r  Saturn I dy- 
namic tes t  a r t i c l e  w i l l  consis t  of i n e r t  LES, bo i le rp la te  CM, airframe 
SM and airframe Saturn I adapter. MSC nomenclature f o r  t h i s  a r t i c l e  i s  
boi le rp la te  27 (Saturn I ) .  

North American Aviation, Inc.  w i l l  conduct comparative LES tower 
s t a t i c  def lect ion tests u t i l i z i n g  a bo i l e rp l a t e  CM and an airframe CM. 
The t e s t  resu l t s  w i l l  be forwarded t o  MSFC four  months p r io r  t o  the  f i rs t  
airframe CM f l i g h t  t o  enable MSFC t o  modify t h e  boi le rp la te  27 dynamic 
t e s t  data .  

The spacecraft supplied t o  MSFC for  Saturn I B  and Saturn V dynamic 
tes t  a r t i c l e  w i l l  consis t  of bo i l e rp l a t e  27 (Saturn I) with t h e  Saturn I 
adapter replaced by a LEMtest a r t i c l e  (LTA-2) and an airframe Saturn IB 
adapter.  MSC nomenclature f o r  t h i s  a r t i c l e  i s  boi le rp la te  27 (Saturn D) . 

Mockup 23. -  Partial Apollo spacecraft for  umbilical  and CM access 
platform t e s t  a t  Launch Operations Center. Contract Change Authorization 
No. 88, Master S e r i a l  No. 150-147, w a s  i n i t i a t e d  t o  create  t h e  subject  
a r t i c l e .  North American Aviation, Inc . ' s  preliminary design study w a s  
submitted September 25, 1963 on schedule and i s  being approved f o r  fab- 
r i ca t ion  and scheduled del ivery t o  Launch Operations Center on o r  before 
A p r i l  1, 1964. 

LUNAR EXCURSION MODULE 

Effor ts  during the  las t  quarter  have been d i rec ted  toward d e v e l o p  
merit and in:plementation of a f i rm LFM ground and f l i g h t  t e s t  program. 
Planning, documentation, and documentation review methods and schedules 
have been fur ther  defined. 
established i n  more d e t a i l .  Test l og ic  and f e a s i b i l i t y ,  checkout phi l -  
osophy and requirements, and f a c i l i t y  and GSE requirements have been 
studied and a re  undergoing more de t a i l ed  ana lys i s .  
networks was i n i t i a t e d  and these  networks have been developed and re- 
viewed. 

Test philosophy and ground ru l e s  have been 

The use  o f  test PERT 

From these various studies,  a LEM Ground and Fl ight  Test Program w a s  
prepared f o r  MSC Management Review. 

- -  

I -  

As a resu l t  of MSC Management Review, a f i rm LEM Ground Test Program 
has been established. 
surmarized on the following page. 

The program f o r  t h e  LEM T e s t  Ar i tc les  (LTA) i s  

E.'.' .-+ f .* t ..- a, 
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Vehicle 

LTA-1 

LTA- 2 

LTA- 3 

LTA-4 

LTA- 3 

LTA- 6 

LTA- 7 

LTA- 8 

Vehicle Use 

House spacecraft  

Dynamic t e s t  a r t i c l e  

S t ruc tura l  t e s t s  

Vibration and house spacecraft 

Propulsion qual i f icat ion 

CSM/LEN in tegra t ion  

Manned LEM environmental vehicle 

Manned CSM/LZM compatibility 

T e s t  Location 

Grunman Aircraf t  
Engineering Corporation 

MSFC 

G r u ~ ~ ~ n a n  Ai rcraf t  
Engineering Corporation 

Gnunman Ai rcraf t  
Engineering Corporation 

WSMR 

North Americian 
Aviation, Inc . 
MSC 

MSC 

LTA-1 w i l l  be used t o  es tab l i sh  t h a t  LEM subsystems a re  compatible 
and a l so  t o  t e s t  modifications resu l t ing  from t h e  ground and f l i g h t  t e s t  
programs. In  addition, LTA-1 w i l l  be used t o  develop procedures and 
ve r i fy  vehicle compatibil i ty with GSE. 

LTA-2 w i l l  be sent t o  MSFC f o r  use i n  dynamic tests with the  Saturn 
1B and Saturn 5 .  

LTA-3 w i l l  be used t o  determine s t r u c t u r a l  s t rength  margins and 
f a i lu re  modes f o r  t he  LEN. 
separat ion tests, and lunar  landing tests.  

It will a lso  be used f o r  modal tests, stage 

LTA-4 w i l l  be used f o r  vibration t e s t s  and f o r  an ear ly  evaluation 
of t he  LEM system i n  G n u m n a n  Aircraft  Engineering Corp.'s a l t i t u d e  fac- 
i l i t y .  
and evaluate nodifications t o  the LEM vehicle.  

It w i l l  then be used as a house spacecraft  t o  develop procedures 

ZTA-3 w i l l  b e  used as t h e  prupukio i i  quzilificztior, vehicle st 1:!%?.. 

LTA-5 w i l l  a l s o  be used t o  evaluate t h e  fire-in-the-hole associated with 
lunar  launch and emergency abort conditions. The propulsion system w i l l  
be operated with the  s t ab i l i za t ion  and control and e l e c t r i c a l  power sub- 
systems t o  evaluate t h e i r  interact ions.  
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LTA-6 w i l l  be t e s t ed  at North American Aviation, Inc. t o  e v d u t e  
the  e l e c t r i c a l  and nechanical compatibil i ty of t h e  CSM/LEM and adapter.  
I n  addition, modal tests w i l l  be conducted on the  CSM/LEM i n  the  docked 
posi t ion.  

LTA-7 w i l l  be t e s t ed  at Houston, Texas i n  t h e  Environmental Test  
Fac i l i t y  t o  evaluate the  LE24 i n  t h e  thermal/vacuum environments of ea r th  
orb i t ,  lunar orbi t ,  and lunar  landing. The vehicles w i l l  be manned f o r  
these  t e s t s  when required. 

LTA-8 w i l l  be mated with a CSM at  t h e  Houston, Texas environmental 
t e s t  f a c i l i t y  t o  evaluate the  docket LEM and CSM i n  the  ea r th  o rb i t ,  
t ranslunar  and lunar  o rb i t  thermal/vacuun environments. 
will be manned f o r  these tests when required. 

The vehicles 

GROUND SUPPORT E Q U I m  PROGRAM 

COMMAND AND SERVICE MODULFS 

The STU Meeting (working group) w a s  held at  North American Aviation, 
Inc.  and recommended the  elimination of c1k-607, t h e  STU which controls  
and monitors t h e  servicing equipment. 

North American Aviation, Inc.  has procured a Telemetry Ground Sta- 
t i o n  Model No. (214-021 f o r  use at Downey, C a l i f .  
ment, b u i l t  by a subcontractor, does not meet t he  North American Aviation, 
Inc. procurement specif icat ion.  North American Aviation, Inc . requested 
t h a t  NASA waiver EMI and soldering spec i f ica t ions .  NASA refused t h e  
waivers, b u t  d id  grant  minor deviations i n  t he  solder ing spec i f ica t ion  
and i n  t h e  EMI specif icat ion,  but required a funct ional  ENI dynamic tes t  
p r io r  t o  acceptance. 

However, t h i s  e q u i p  

A design review was held at North American Aviation, Inc.  on t h e  
Spacecraft Instrumentation T e s t  Equipment, (214-403, with emphasis on 
(a )  se l f  check, ( b )  use of Minute Man components, and ( c )  t h e  cont ro l  
console. The r e s u l t s  are t h a t  the  self-check capabi l i ty  w a s  reduced by 
approximately 40 percent. 

blSC has placed a requirement t h a t  se rv ic ing  equipment and CM and SM 
subs t i t u t e  un i t s  have local control .  North American A..riation, Inc.  had 
planned t o  control t h i s  equipment remotely using STU and/or PACE. 

There was no standard f o r  GSE power/signal connectors between GSE 
and the  f aci l i t ies / launch complex. 
t o  a f a c i l i t y  and no mating receptacle  being avai lable .  

This r e su l t ed  i n  GSE be ng del ivered 
A working meeting 

-.  
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w a s  convened which developed a l ist  of standard connectors t o  be used 
by t h e  Apollo CSM. 
f o r  j o i n t  MSFC, LOC and MSC use. 

This l i s t  w i l l  be submitted as a recommended standard 

A complete l i s t  of GSE f o r  use with boi le rp la te  14  was  compiled and 
submitted f o r  inclusion i n  the  Boilerplate 14 Mission Directive.  

Two documents, GSE Environmental Design Criteria, MSC-E-1 and GSE 
Environmental Implementation and Qualification, MSC-GSE-1, were reviewed 
i n  order t o  a r r ive  at a common GSE Environmental Program f o r  all contra- 
t o r s .  These documents were f inal ized and transmitted t o  North American 
Aviation, Inc. f o r  implementation. 

The re-writ ten GSE Provisioning Procedures were reviewed and com- 
ments were forwarded t o  the  contracting o f f i ce r  on August 14, 1963. 

Handling equipment requirements t o  support bo i le rp la tes  16 and 26 
at  MSFC were furnished t o  MSFC personnel. 
has indicated all t h i s  equipment w i l l  be delivered i n  time t o  meet the 
MSFC need date .  

North American Aviation, Inc. 

North American Aviation, Inc.  was advised t h a t  for t h e  sequencing 
of Saturn V umbilical withdrawal apparatus and arm re t r ac t ing  devices, 
it is  nicessary t o  incorporate an e l e c t r i c a l  switch i n  each umbilical 
c a r r i e r  t o  t r i gge r  withdrawal and re t rac t ion  a f t e r  t he  umbilical c a r r i e r  
has disconnected from t h e  vehicle.  On pre-launch released umbilicals, 
t he  switch w i l l  be used t o  confirmthe proper operation and allow con- 
t i nua t ion  of t h e  launch count. North American Aviation, Inc.  i s  t o  use 
t h i s  information i n  designing the umbilical disconnect s e t s  for t h e  air- 
frame. 

A l i s t  of GSE requirements and availability f o r  handling and check- 
out of A F R M  002 and 010 was forwarded t o  North American Aviation, Inc. 
f o r  review. 

I 

There have been 73 Figures "A" or Figures "B" received during t h i s  
quar te r .  Of these, recommendations t o  the  Apollo Procurement Office have 
been 30 approvals, 19 p a r t i a l  approvals, and one disapproval. There re- 
main 23 Figures "A" or Figures "B" being processed by the  GSE Branch of 
t h e  CSbl Engineering Wkice. 

During t h i s  quarter, 86 GSE models were reviewed during two Of f i c i a l  
Design Reviews a t  North American Aviation, Inc. One GSE model w a s  re- 
viewed a t  ANR and two models were reviewed a t  North American Aviation, 
Iiic. during spec ia l  reviews. From t h e  r e s u l t s  of these reviews North 
American Aviation, Inc.  received o f f i c i a l  NASA d i rec t ion  t o  proceed with- 
out change or t o  implement instruct ions prescribed on the  North American . 
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Aviation, Inc. "Request for  Change or  Further Study'', Form 939-X. 
forms were completed during the  applicable Design Review Meeting. 

These 

Presently both NASA and North American Aviation, Inc.  management are 
endezvoring t o  increase eff ic iency i n  several  management and/or policy 
areas. These areas are:  

a. Current GSE Schedules - Presently PEBT network preparation is  
i n  process t o  improve GSE scheduling v i s i b i l i t y .  

b. GSE Acceptance Procedure - Currently "Interim Acceptance'' i s  
being used by NASA f o r  GSE coming out of the  manufacturing area. 

I n  order t o  e s t ab l i sh  an acceptance procedure, North American 
Aviation, Inc. has been requested t o  prepare a de ta i led  presentation at 
the  next Apollo Systems Meeting, ou t l in ing  recommendations f o r  plans and 
procedures t o  use  fo r  acceptance GSE. 

LUNAR EXCUXXON M O D m  

D e f i n i t i o n  of t he  LEM GSE program has progressed t o  approximately 
'79 percent complete and i s  expected t o  be completed during January 1964. 
blajor considerations i n  de f in i t i on  of the  GSE prograni a r e  as follows: 

a. Operational flow charts  which show d e t a i l  a c t i v i t y  of t h e  LEN 
vehicle from the  end of manufacturing t o  launch a re  being generated t o  
ascer ta in  tha t  a31 GSE requirements are beirg considered. Preliminary 
flow charts have been completed although the  desired l e v e l  of d e t a i l  w a s  
riot a t ta ined.  h'ffort i s  continuing t o  develop t h e  char t s  i n  a usable 
manner a d  conpletion i s  expected i n  January 1964. 

b. Applicnbjli ty oi' North American Aviation, Inc.  CSM GSE f o r  use 
on the  L*EM vehicle  i s  beirg considered f o r  each LEM GSE requirement. 
A l l  North American Aviation, Inc.  GSE supporting the  Propulsion, RCS, 
EPS, ECS, and C and I subsystems has been reviewed f o r  common use 
,zpplic*ibility; 37 items have been iden t i f i ed  f o r  po ten t i a l  cormion use 
aind a.ppro,.iniately 40 have been deferred pending fu r the r  inves t iga t ion .  
It i s  anticipated t h a t  about 73 items of LEN GSE w i l l  be common usage 
with the CSM GSE and it i s  fu r the r  an t ic ipa ted  t h a t  all common use i t e m s  
w i l l  have been iden t i f i ed  by December 1965. 

c.  Concurrent (ise, at f i e l d  t es t  si tes,  of cormon use GSE will be 
implemented t o  t h e  extent possible .  Procedures f o r  implementation of 
comurrent  use G,'E a r e  present ly  being es tab l i shed  and it i s  expected 
t h a t  concurrelit USE GSE items w i l l  be defined by Jariuary 1964. 

. 

.' 

* .  
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A PERT system which repor t s  GSE on an i t e m  by i t e m  bas i s  has been 
designed and the first report  has been received. The f i r s t  repor t  in-  
cludes approximately 35 GSE items. Additional repor t s  are expected t o  
include addi t iona l  items although PERT w i l l  not be f u l l y  complete u n t i l  
t h e  GSE program has been defined. 

A LEM GSE plan has been prepared and submitted t o  G r m a n  Ai rc ra f t  
Engineering Corp. f o r  coments.  The plan contains guidelines for PmT, 
environmental design c r i t e r i a ,  environmental testing, common and concur- 
ren t  use GSE, t r aceab i l i t y ,  and GSE documentation. Procedures f o r  main- 
tenance and f a i l u r e  node analyses are being prepared f o r  possible  inclu- 
s ion i n  t h e  plan. 
l eased  during November 1963. 

It i s  expected t h a t  t h i s  plan w i l l  be o f f i c i a l l y  re- 

FLIGIIT PROGRAM 

The Project  Apollo Mission Schedule, as w e l l  as object ives  and con- 
f igura t ions  are shown i n  f igures  10  through 13. 

The f l i g h t  program now consis ts  of t h e  follcwing: 

PAD ABORT/LITTLF, JOE F' uIGHTS 

a. One L i t t l e  Joe I1 f l i g h t  for launch vehicle  qua l i f i ca t ion  

b. One bo i l e rp l a t e  and one airframe CSM f o r  pad abort testing 

c.  One bo i l e rp l a t e  and one airframe CM f o r  abort  a t  high dynamic 
pressures  

d .  One boi le rp la te  CSM f o r  high a l t i t u d e  abort  t es t  

e. Two L i t t l e  Joe I1 launch vehicles  and one bo i l e rp l a t e  CSM are 
programed as backup/spares 

SATURN i 

a. Two bo i l e rp l a t e  spacecraft* f o r  launch e x i t  environment deter-  
minat ion 

**All spacecraft  referenced i n  Saturn I phases are without the LEM. 
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b. One boi le rp la te  CM with an airframe SM and adapter, f o r  quali- 
f i c a t i o n  of t h e  SM and adapter s t n c t u r e s  and spacecraft-launch vehicle 
separation system 

c.  One airframe spacecraft  for unmanned suborbi ta l  f l i g h t  t o  qual i fy  
CSM sys tem and successful water recovery of the  CM pr io r  t o  f i rs t  manned 
o r b i t a l  f l i g h t  

d.  Three airframe spacecraft  for manned o r b i t a l  f l i g h t  with water 
recovery. 

I n  addition, two boi le rp la te  spacecraft w i l l  be made avai lable  t o  
IGFC f o r  micrometeoroid experiments. 

LAUNCH ENVIRONMENT - SATURN-I 

The first launch e x i t  environment t es t  w i l l  be m a d e  w i t h  boiler-  
p l a t e  13. The spacecraft  w i l l  be launched from AMR on SA-6 at  a launch 
azimuth of 90"; the  r o l l  program w i l l  provide a f l i g h t  azimuth of 130". 
The escape tower w i l l  be je t t i soned  10 seconds after S-IV igni t ion .  
S-IV, t he  adapter, and t h e  CSM w i l l  be placed i n  a 100-nautical-mile 
o r b i t .  

The 

No recovery i s  planned, Objectives of t h i s  f l i g h t  are as follows: 

a. Determine the  launch and e x i t  environmental parameters t o  ver i fy  
design c r i t e r i a  

b. Demonstrate physical compatibil i ty of t he  launch vehicle and 
spacccraft  mder  pref l igh t  and f l i g h t  conditions 

c.  Democstrate t h e  s t r u c t u r a l  cha rac t e r i s t i c s  of t he  LES under 
f l i g h t  loading conditions 

d.  Demonstrate s a t i s f ac to ry  launch escape tower separation. 

A second launch e x i t  environment t e s t  w i l l  be made with bo i l e rp l a t e  
Objectives and f l i g h t  plan are  iden t i ca l  t o  bo i l e rp l a t e  13. 13. 

results will provide a second data  point f o r  t he  Saturn I program. 
T e s t  

STRUCTURAL QUALIFICATION 

The mission f o r  bo i le rp la te  18 w i l l  be t o  qual i fy  t h e  spacecraf t  
Sbl arid adapter s t ruc tures .  
fro!i; AMR on SA-10 and the  roll program w i l l  provide a f l i g h t  azimuth of  
72". 

The spacecraft  launch vehicle will be launched 

The escape tower will be je t t i soned  approximately t e n  seconds L r t e r  

c -  

.- 

a 



S-IV i gn i t i on .  
u t i l i z i n g  the  af t  facing SM RCS. 

The CSM w i l l  separate from t h e  S-IV a f t e r  S-IV burnout 

The RCS engines w i l l  be shut down approximately 20 seconds after 
separation. 
m i l e  c i r cu la r  o r b i t .  No recovery i s  planned. 

Both the  S-IV and the  CSM w i l l  be placed i n  a 100 naut ica l  

Fl ight  objectives are: 

a. Demonstrate t h e  s t r u c t u r a l  i n t e g r i t y  of t h e  production adapter 
and SM s t ruc tu res  f o r  f l i g h t  loads t o  be encountered on Saturn I f l i g h t s  

b. Evaluate t h e  separation sequence and physical. separation of t h e  
combined CSM from t h e  launch vehicle.  

c. Demonstrate t h e  capabi l i ty  of t h e  closed loop EDS t o  properly 
monitor launch vehicle  performance. 

SPACECRAFI' QUALIFIWC'ION - SATURN I* 

A i r f r a m e  OOg i s  t o  be an unmanned suborb i ta l  mission t o  qua l i fy  t h e  
spacecraf t  f o r  manned o r b i t a l  f l i g h t .  
from Complex 34 at a launch azimuth of 100' and t h e  roll program w i l l  
provide a f l i g h t  azimuth of 105". 
10 seconds after S-IV igni t ion,  a n d t n e  spacecraft  will separate  from t h e  
S - I V  a t  burnout, at  an a l t i t u d e  of approximately 100 nm. 
t he  SPS are  planned p r io r  t o  separation of t h e  CM from t h e  SM. 
recovery of the  CM off Ascension Island i s  planned. 
are as follows: 

The spacecraft  will be launched 

The escape tower w i l l  be j e t t i soned  

Two firings of 
A w a t e r  

Fl ight  object ives  

a. @alia the heat protection system at suborb i ta l  re-entry con- 
d i t i o n s .  

b. Determine t h e  sa t i s fac tory  operation of the  SM Propulsion System 
at  Zero g f o r  subsequent deorbit  capabi l i ty .  

c .  Determine operat ional  charac te r i s t ics  of t h e  CSM Systems. 

d .  Demonstrate s a t i s f ac to ry  recovery opera-tiwiid techr,iqces. 

e.  Demonstrate t he  compatibility of t h e  production CSM with the  
Saturn I launch vehicle,  including t h e  EDS. 

3kSSpacecraft referenced u d e r  t h i s  headtrig are  without t he  LEN. 
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Manufacturing sequence fo r  AFRM-O@ began on schedule with t h e  start  
3 1  assembly of of subassembly of the  CM s t ruc ture  on September 30, 1963. 

s t ruc tu re  i s  scheduled t o  begin i n  January 1964 with 100 perceric design 
review due November 15, 1963. ( C )  

SATURN IB 

The Saturn I B  phase of the  Apollo program consis ts  of t h e  following: 

a. Two boi le rp la te  CM and LEM with spacecraft  SM and adapters, f o r  
spacecraft launch e x i t  environment determination. 

b. One bo i le rp la te  CM w i t h  spacecraft  SM, adapter, and LEN unmanned 
f o r  s t ruc tu ra l  qua l i f ica t ion  of spacecraft adapter and LEM, s a t i s f ac to ry  
separation of CSM from launch vehicle, and operation of closed loop EDS. 

c. One spacecraft manned f o r  evaluation of spacecraft  and crew dur- 
ing maximum duration (14 day) ear th  o r b i t  mission. 

c .  Three spacecraft  f o r  performing rendezvous, docking, transposi-  
t i o n  and midcourse correction maneuvers and manned operation of t h e  L;EM. 

A s tudy  i s  being conducted t o  determine i f  there  i s  a requirement 
f o r  an additional unmanned earth o r b i t a l  f l i g h t  fo r  spacecraft  qualif  ica- 
t i o n  pr ior  t o  the  f i r s t  manned Saturn I B  f l i g h t .  

LAUNCH ENVIRONMENT - SATURN IB 

The first  launch environment t es t  w i l l  be mad-e with a boi le rp la te  
CSM. It w i l l  be launched on SA-201 at  the  AMR at a launch azimuth of 
90" with a r o l l  program providing a f l i g h t  azimuth of 103". 
tower w i l l  be je t t isoned 20 seconds after second stage ign i t ion .  The 
S-IVR and t h e  spacecraft w i l l  be placed i n  a 103 naut ica l  m i l e  o r b i t .  
The S-IVB w i l l  s t a b i l i z e  t h e  spacecraft  f o r  3 orb i t s .  No recovery i s  
planned. 

The escape 

Objectives of t h e  f l i g h t  are: 

a. Determine launch and e x i t  environmental parameters t o  ve r i fy  
design c r i t e r i a .  

b. Demonstrate the  capabi l i ty  of' t h e  open loop EDS t o  properly 
nionitor launch vehicle performance. 

.- 

.- 
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A second launch e x i t  environment t e s t  w i l l  be iden t i ca l  with the  
first w i t h  SA-202 being t h e  launch vehicle. 

SPACE- QUALIFICATION - SATURN IB 

A bo i l e rp l a t e  CM with production SM, adapter and LF;M will be used 
f o r  an unmanned ea r th  orbital  m i s s i o n  t o  qualif'y t he  spacecraft  p r i o r  t o  
t h e  f i r s t  manned ea r th  o r b i t a l  Saturn IB f l i g h t .  

The tes t  spacecraft  w i l l  be launched on SA-203 from the  AMR at a 
launch azimut'n of 105" with a roll program providing a f l i g h t  azimuth 
of 7 2 " .  
c i r c u l a r  o rb i t  with t h e  S-IVB s t ab i l i z ing  t h e  spacecraft  f o r  two o r b i t s .  
The CSM w i l l  then separate from t h e  S-IVB using t h e  SM RCS. No recovery 
i s  planned. 

The S-IVB and spacecraft  w i l l  be placed i n  a 105 naut ica l  mile 

F l igh t  object ives  are: 

a. Demonstrate s t r u c t u r a l  i n t e g r i t y  of t h e  production adapter and 
LEM s t ruc tu re  f o r  f l i g h t  loads t o  be encountered on Saturn IB .  

b. Demonstrate s a t i s f ac to ry  separation of t he  CSM from t h e  launch 
vehicle,  adapter panel j e t t i son ,  and operation of t h e  LED1 a t tach  mech- 
anism. 

c. Demonstrate s a t i s f ac to ry  operation of t h e  closed loop EDS. 

The requirement fo r  an addi t ional  unmanned mission f o r  spacecraft  
qua l i f i ca t ion  i s  under study. 
by t h e  time t h e  next quarter ly  status report  i s  published. 

R e s u l t s  of t h i s  study should be ava i lab le  

The Saturn V phase of t h e  Apollo program cons is t s  of t h e  following: 

2. %n hoi- lerplate  spacecraft f o r  launch e x i t  environment deter-  
mina.tion. 

b. Two production spacecraft ,  except f o r  the  LEM, f o r  heat protec- 
t i o n  system qual i f ica t ion  with water recovery. 

c. One spacecraft  unmanned f o r  ea r th  o r b i t a l  spacecraft  qual i f ica-  
t i o n .  
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d. One spacecraft  f o r  a manned earth o r b i t a l  mission simulating a 
lunar  mission. 

e .  Three  spacecraft  f o r  manned lunar  missions. 

Specific objectives and f l i g h t  plans f o r  Saturn V missions a r e  
under study. 

LITTLE: JOE I1 LAUNCH VEHICLE: DEVELOPMENT 

Convair has completed manufacture and checkout of bo i l e rp l a t e  1 2  
t o  support i n i t i a l  spacecraft  f l ight .  
The vehicle w i l l  be placed i n  storage u n t i l  required fo r  spacecraft  
f l i g h t .  
fourth vehicles has been completed. I n s t a l l a t i o n  of e l e c t r i c a l  and 
motor ign i t ion  c i r c u i t s  i s  i n  work on schedule. 
t h e  control system, vehicle  no. 5 for  bo i l e rp l a t e  22 f l i g h t ,  is  nearly 
complete i n  t h e  f i n a l  assembly f i x t u r e ,  
head and components for  the  s i x t h  and last vehicle  i s  i n  progress. 

DEI i s  planned for  October 1963. 

The manufacture of t h e  airframe and f i n s  of t h e  th i rd  and 

The f i rs t  vehicle  w i t h  

Manufacture of t h e  th rus t  bulk- 

The launcher a t  WSMR sustained no s ign i f i can t  damage from GTV f l i g h t  
and refurbishing has been completed. 
spare launcher a t  Sam Diego, C a l i f .  have been completed. 
w i l l  remain  a t  Sam Diego, C a l i f ‘ .  u n t i l  required.  

Final  assembly and checkout of t h e  
Spare launcher 

The design of the  control  system has been completed and ground 
qual i f ica t ion  t e s t s  have begun. 
t he  autopi lot  for grea ter  match of spacecraft  test  conditions.  

A p i tch  programer has been added t o  

The i n i t i a l  contract  has been completed with Aerojet f o r  rocket 
Four Algol f l i g h t  motors have motors and canted nozzle development. 

been delivered t o  WSMR. 
t o  develop and qual i fy  t h e  canted nozzle w a s  successful ly  conducted i n  
August 1965. 
motors for vehicles no. 5 and no. 6 when spacecraf t  t e s t  requirements 
a re  known. 
for pyrogen head type i g n i t e r  with 1 amp 1 w a t t  no-fire squib f o r  use  
w i t h  recruit  motors on fu ture  f l i g h t .  

The t h i r d  and last  Algol motor s t a t i c  f i r i n g  

A contract  w i l l  be negotiated w i t h  Aerojet  f o r  addi t iona l  

A contract  has been negotiated with Thiokol Chemical Corp. 



. 

.- 
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FACILITIES 

COMMAND AND SEWICE MODULES 

The s t a tus  of t h e  uncompleted indus t r i a l  f a c i l i t i e s  at Downey, 
California,  i s  as follows: 

Data Ground S ta t ion  Construction 

Building Six Modifications Construction 

Systems In tegra t ion  and Checkout 
Construction 

Space Systems Development Fac i l i t y  

Main Building Construction 

ECS Construction 

RCS Construction 

15 percent complete 

75 percent complete 

'33 percent complete 

9 percent complete 

93 percent complete 

87 percent complete 
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Parking Lot - Part  I1 (Deferred u n t i l  
Building construction is  complete) 

Formal f a c i l i t i e s  contracts  were awarded t o  AVCO Corp. and Pratt 
and Whitney Ai rc ra f t .  

Plans for t he  LEM-WSPR iaci l i t ies  are proceeding approximately on 
schedule. However, a po ten t i a l  problem has developed i>ecause of con- 
t inued delay i n  a v a i l a b i l i t y  of FY-64 C of F funds needed for procure- 
ment of long lead  time items. Early Congressional act ion on the  NASA 
Budget o r  establishment of deviations i n  t h e  Corps of Engineers procure- 
ment pol ic ies  w i l l  be necessary t o  avoid ser ious delay i n  t es t  stand com- 
p le t ion .  



GRUMMAN AIRCBAFI' ENGINEERING CORPORATION PLAN 

The September 15, 1963 revis ion of the Grumman Aircraf t  Engineering 
Corp. f a c i l i t i e s  plan w a s  received September 30, 1963. 
manufacturing f a c i l i t i e s  will be covered i n  t h e  revised manufacturing 
plan due October 14, 1963. 
i t i e s  i s  reported, but resolut ion of t e s t  requirements and f a c i l i t y  plans 
i s  s t i l l  i n  progress. 

U t i l i za t ion  of 

Tentative u t i l i z a t i o n  of MSC and AMR f a c i l -  

PROGRAM EVALUATION AND REVIEW TECHNIQUE (PERT) 

Grumman Ai rcraf t  Engineering Corporation completed 11 of 12 LEN sub- 
system networks. Three of these have yet  t o  be reviewed by MSC engineers. 
GSE networks w i l l  cover individual  requirements or  pieces of equipment and 
only about half of these have been submitted. 
been prepared f o r  f i n a l  assembly and acceptance. Networks on ground t e s t s  
and f l i g h t  t e s t  program have been prepared by Grumman Aircraft Engineering 
Corp. and w i l l  be reviewed by the  Project Office during the  next quarter .  
Structures subsystem network requires major rework. 
in te r faces  w i l l  be iden t i f i ed  and the  e n t i r e  Grumman Aircraf t  Engineering 
Corp. PERT system integrated in t e rna l ly  by December 1963. 

Preliminary networks hzve 

It i s  planned t h a t  

The North American Aviation, Inc., PERT system i s  undergoing a major 
review and realignment t o  r e f l e c t  r e s u l t s  of the recent schedule review. 
A j o i n t  Contractor-MSC PERT network review and rework i s  scheduled fo r  
completion i n  October 1963. 
gineering personnel have been par t ic ipa t ing  i n  t h i s  major rework of PERT 
networks for a l l  systems. 

Contractor and MSC program control  and en- 

. 



PUBLICATIONS - CSM (NAA - CONTRACT NAS 9-150)- 

Document No. 

SID 63-472 . 
-. 

SID 63-21-6 

SID 62-300-14 

SID 62-435 

SID 62-1-09 

SID 62-4-17 

SID 63-214 

SID 63-44 

SID 63-448-1 

SID 63-448-2 

SID 62-170-5 

SLD 63-75'1- 

SID 62-702 

Ti t le  

Pretest  Report fo r  Tests of Apollo 
FD-S Free Oscillation Dynamic Sta- 
b i l i t y  Model t o  Determine Strake 
Efficiency i n  the  llxll' Test Sec- 
t i on  of Ames Unitary Plan Wind Tunnel 

Monthly Quality Status Report 

Apollo Monthly Progress Report 

Apollo Spacecraft Familiarization 

Apollo Test Plan, Vol. 1-3 

GSE Planning and Requirements 

Apollo Spacecraft Description Manual 
High Dynamic Pressure Abort 

Apollo Wind Tunnel Model Nomenclature 

Data Report f o r  Ames UPWT Tests of 
Apollo 0.103 Scale FS-2 S t a t i c  Force 
Model a t  MACH 0.5 t o  3.4 t o  Efaluate 
Aerodynamic Strakes Attached t o  the  
C/M (5th Series) 

Appendix C t o  above report  

Apollo Wind Tunnel Program Report 

Data Report f o r  Wind Tunnel Tests 
of Apollo Launch Escape Vehicle Jet 
Effects Model (FSF-1) i n  t h e  Langley 
Research Center 16' Transonic Tunnel 

Monthly Quality Status Report 

Structural  Analysis of the  0.050 and 
0.099 Scale Apollo Dynamic S tab i l i t y  
Models 

Apollo Maintenance Concept 

Date 

June 1963 

- 

June 10, 1963 

July 1, 1963 

July 1, 1963 

June 30, 1963 

J ~ Y  1, 1963 

M Y  1-51 1963 

July 1963 

July 1965 

July 1963 

July 1963 

July 1963 

July 10, 2-96? 

July 1963 

July 25, 1963 
- .  
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PUBLICATIONS - CSM (NAA - CO-CT NAS 9-150) 

Document No. 

SID 63-616 

SID 62-300-13 

SID 63-902 

SID 62-417 

SID 63-746 

SID 62-435 

SID 63-1027 

SID 65-911 

SID 62-822-2 

S I D  62-1452 

SID 65-955 

SID 63-274 

T i t l e  

Data Report f o r  Tests of Apollo Dy- 
namic S t a b i l i t y  Model (FD-3) t o  
3etermine C/M S t a b i l i t y  and Launch 
Escape Vehicle Flow Separator Ef fec ts  
i n  t h e  MACH Range from 1.5 t o  10.0 

Monthly Progress Report 

Data Report f o r  Apollo Model FS-3 
Wind Tunnel Tests i n  Tunnels A and 
C of t h e  Von Karman Gas Dynamics 
F a c i l i t y  

Ground Support Equipment Planning 
and Requirements 

Final  Report on Apollo Plasma Reentry 
Studies 

Apollo Space c r a f t  Famili a r i  z at  ion  
Manual 

Pre tes t  Report for S t a t i c  and Trans- 
i e n t  Pressure Tests of t h e  0.035 Scale 
Apollo PSTL-2 Model i n  t h e  Ames Re-  
search Center 9x7 and IlU' wind 
tunnels 

S t ruc tu ra l  Analysis of t h e  0.055 Scale 
Apollo Transient Pressure Model 
(PSTL-2) 

Apollo Monthly Fa i lure  Summary 

Apollo S/C GOSS Communications 
Circui t  Margins 

PACE Breadboard Phase D T e s t  Format 

Data Report f o r  Wind Tunnel Tests of 
a 0.10 Scale Apollo Model (FSC-1) t o  
Determine Effect of C/M and Several 
Parachute Parameters on Drogue Para- 
chute S t a b i l i t y  

Date 

July 1963 

- 

.- 
August 1, 1963 

July 1963 

August 1, 1963 

July 5 ,  1963 

June 1, 1963 

August 1963 

August 19, 1963 

A U ~ U S ~  io ,  1963 

August 2, 1963 

August 7, 1363 

Ju ly  1963 

- -  

. 
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PUBLICATIONS - CSI4 (NAA - COXFRACI' NAS 9-120) 

Document No. 

SID 63-21-8 

SID 63-881 

SID 62- 300-16 

SID 62-5.57-6 

SID 65-68? 

SID 63-1196 

SID 63-279 

S I D  63-21-9 

Ti t le  
_I_ 

Monthly Quality Status Report 
Apollo S/C 

GOSS Interface Report 

Monthly Progress Report 

Quarterly Rel iab i l i ty  Skitus Report 

Experimental Heat Transfer D i s t r i -  
butions over Launch and Entry Con- 
f igurat ions of 0.045 Scale Apollo 
Models H-2, HE.1, and HL-lB at  MACH 
Nos. 2.3 and 3.71 

Apollo Description Manual f o r  BP 13 

Data Report for  Low Speed Wind Tunnel 
Tests of 0.10 Scale Apollo Model 
(FDC-1) t o  Determine Dynamic S tab i l i ty  
Characterist ics of the  C/M and Drogue 
Parachute Comb inat i on 

Monthly Quality Status Report 

-~ 
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Date - 
August 10, 1963 

August 1, 1963 

September 1, 
1963 

August 3, 1963 

August 23, 1963 

August 1963 

September 1963 
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m - GAEC - CONTRACT NAS 9-uoo 

Public at ions 

LSP 390-301 Lunar Excursion Module Tank Assembly, August 12 
Storage and Supply, Cryogenic Hydrogen 
and Oxygen, Elec t r ica l  Power Subsystem, 
Design Control Specification f o r  

LVR 390-501 Tank Assembly, Storage and Supply, C r y -  
ogenic Hydrogen and Oxygen, E lec t r i ca l  
Power Subsystem Vendor Requirements for 

LTP 390-1 LE24 Elec t r ica l  Power Subsystem P r e l i m -  
inary Test Plan f o r  the  Development and 
@ali f ica t ion  of t he  Power Generation 
Section 

LSP 390-3 Battery, Spacecraft Storage, Si lver  
Oxide-Zinc, Design Control Specifica- 
t i o n  f o r  

LVR 390-3 Battery, Spacecraft Storage, Si lver  
Oxide-Zinc, Vendor Requirements fo r  

LPL 340-1 Mission Plan 

LSP 440-41001 External Visual Display Design Control 
Specification 

LSP j80-1 Communication Subsystem, Design Control August 8 
Specification f o r  

LSP 360-2 Pulse Code Modulation and Timing Equip- August 5 

LVR 360-2 Pulse Code Modulation and Timing E q u i p  August 6 

LVR 380-1 Communications Subsystem, Vendor Require- August 8 

ment, Design Control Specification for 

ment, Vendor Requirement f o r  

ment f o r  

. .' 

.. 

L&D 470-4 LTA 8 and LTA 9 Preliminary Design Sum- 
mary Heport 

July 13 
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r n q  - GAEC - CONTRACT ~ c l s  9-1100 

. 

Publications 

LW 360-4 Data Storage Equipment Vendor Requirement August 21 
f o r  

LSP 360-4 Data Storage Equipment Design Control August 12 
Specification for 

Requirements of t he  Low Light Level LEM 
TV Camera 

LF,D 380-2 August 23 

LSP 3 3 0 - 2 ~  Design Control Specification f o r  Lunar August 8 
Excursion Module Environmental Control 
Subsystem Sections 1, 2, 3, and 4 

LTP 560-2.6- Test Plan f o r  Equipment Heat Transfer t o  July 30 
Goo Cold Plates  a t  High Vacuum 

L 



Supplement t o  ASPO-LFM 

Publications 

LTP 320-1 Preliminary Hydervelocity Impact September 4 
Testing of Glass Material 

LED 5 2 0 - 1 ~  Design Cr i t e r i a  and Environments August 13 
LEM 

LDL 610-1 Feas ib i l i t y  Study and Detailed Test September 6 
Plans fo r  LEM 1 and 2 

. 

LPL 600-1A T e s t  Plan for LEM Project Apollo August 7 
Vol I 

LVR 280-4 Propellant Tank Assembly Descent August 7 
Stage Vendor Requirement 

LPL 2-1 F a c i l i t i e s  Plan 

LED 520-2 Preliminary Analysis of Lunar Sur- 
face Models 

LPL 350-1 Rel i ab i l i t y  Plan 

LMA 11-1 LEM Ins t ruc t ion  Manual f o r  Number- 
in6 and Processing of Correspondence, 
Drawing and Other Documentation 

LSP 280-4 Propellant Tank Assembly, Descent August 7 
Stage, Design Control Specif icat ion 
for 

LED 320-3 Proposed Vibration Design and Test 
Procedure f o r  t h e  LEM 

Ju ly  30 
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PUBLICATIONS - GUIDANCE AND COl'%CROL (MIT - CONTRACT NAS 9-153) 

Document No. T i t l e  

E-1333 

E-1378 

E-1359 

ji-1142 

R-415 

E-1313 

E-1363 

R-408 

E-1142 

E-1389 

E-1374 

R-417 

R- 387 

E-1 385 

R- 389 

E-1142 

Cloud Cover Data f o r  Landmark Studies 

Monthly Technical Progress Report 

Flight T e s t  Plan Apollo G and N Systems 

Weight and Balance Report 

Apollo Reentry Guidance 

Thermal Grounding Analysis fo r  Circuit 
Structures 

Status of Apollo Flight Safety Design and 
Development 

Design Concepts of the Apollo Guidance 
Computer 

Systems Status Report 

Quarterly Technical Progress Report 

Propagation of Altitude and Alti tude 
Rate Errors during Suborbital Flight 

A Unified Explicit  Technique fo r  Per- 
forming Orbital  Insertion, Soft Landing 
and Rendezvous with a Throttleable 
Rocket - Propelled Space Vehicle 

Orbital  Element Variations for a Body i n  
Orbit around t h e  Moon 

Vis ib i l i ty  Data and t h e  U s e  of Optical 
Aids 

Requirements of and Index t o  Design 
Evaluation, Qualification, and Reliabil-  
i t y  Test Program f o r  Apollo N and G 
System 

Systems Status Report 

Date - 
March 1965 

May 1963 

M a 7  31, 1963 

June 1963 

July 1963 

April  1963 

June 1963 

June 1963 

July 15, 1963 

June 1963 

June 1963 

August 1963 

July 1963 

July 1963 

July 1963 

August 1963 



-w 

I -.. 

x 
LU 

0 
r i  
ri 
0 
PI 
4 



T- 
I 

LES 
399.7 

26 D- 

4 

I L I --.- 

STA. 3760.6 

STA.3598.6 

A 

- STA. 3258.6 

Figure 2.-Apollo Spacec ra f t  ;onfigurat ion 

0 -  



F 

Figure ]SP’LLittTe Joe I1 Wunch Vehicle 

s 



Ly 
4 
3 
n 
0 

Ly 
in 

t' 

0 
ri 
rl 
0 

4 
f 

-. 





. *' 

. 



Y 

t 

I 
cc 



v) 
U J  



-. 





, 

rd 
W a- * 
a 

(I 

-. 

K 
0 
IL 

3 
Y 
0 

ti 

s 
m 
m 
> 
J 
m 
N 

I n 
m - 
m 
I - - 
I] 
I 

! 
* 

W 
J 
3 
0 
W 
I 
0 
u) 

j g  



f # 

# 

t; 
r 
3 

W 

a 
a 

0, 
a 

w 

0 

0 
W 



D 
I- 
D z 



L 

i 

W 
J 
3 
w 

v) 

a 

'"u 
3 w 

J 
4 
3 
U 
> 
I- 
Z 
W 
W 
(L 

a 

- 
0 m 
9 
C 
LT 

L 

4 
VI 
- 

P 
0 
2 

N Q 

w v 
n 

a 
0 
U. 


